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Abstract  of  Dissertation  Presented  to  the 
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Degree  of  Doctor  of  Philosophy 

REGULATION-INDUCED  DISTORTIONS:  A GEOMETRIC  INTEGRATION 

By 

Charles  William  Needy 
June  1974 

Chairman:  Dr.  Milton  Z.  Kafoglis 

Major  Department:  Economics 

This  paper  geometrically  integrates  the  input  and  output 
effects  induced  by  simple  rate-of -return  regulation  of  con- 
strained firms.  Because  the  output  distortions  have  received 
relatively  little  attention  in  the  economic  literature,  the 
paper's  first  objective  was  to  demonstrate  output  distortions 
to  be  at  least  as  important  theoretically  as  the  highly 
touted  input  distortions.  Since  each  was  shown  to  be  as  po- 
tentially valuable  to  the  firm  as  the  input  distortion,  it 
was  found  that  the  output  distortions  together  pose  a threat 
to  social  welfare  that  is  at  least  as  serious  as  that  posed 
by  the  input  distortion  alone. 

The  input  distortion  resulted  because  the  firm's  ef- 
fective cost  of  capital  was  reduced  by  capital's  "premium," 
the  nonproductive  value  of  capital  as  a rate  base  and  reducer 
of  excess  profits.  Moreover,  the  constraint  encouraged  the 
firm  to  employ  consumer  cross-subsidization  to  enlarge  the 
rate  base  by  expanding  output.  This  use  of  price  discrimination 
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altered  the  marginal  rate  of  substitution  of  the  regulated 
goods  for  their  unregulated  substitutes  (a  Type  1 output  dis- 
tortion) ; and  for  multi-product  firms  it  also  altered  the 
marginal  rate  of  substitution  of  one  regulated  product  for 
the  other  (a  Type  2 output  distortion) . 

It  was  shown  that  the  input  distortion  becomes  increa- 
singly influential  (relative  to  the  size  of  the  firm)  with 
increases  in  the  firm's  elasticity  of  factor  substitution. 

The  importance  of  the  Type  2 output  distortion  was  shown  to 
be  determined  by  the  amount  of  divergence  between  the  capital/ 
labor  ratios  of  the  firm's  products.  In  addition,  it  was 
demonstrated  that  the  effectiveness  of  the  Type  1 output  dis- 
tortion is  positively  related  to  the  price  cross-elasticity 
of  demand  between  the  regulated  products  of  the  firm  and 
their  unregulated  substitutes. 

The  three-part  classification  of  distortions  as  input, 

Type  1 output,  and  Type  2 output  was  intended  to  be  descrip- 
tive of  the  influence  that  each  has  on  the  productive  or  allo- 
cative process.  In  addition,  a four-part  classification 
was  employed  to  subdivide  the  distortions  into  the  AJ,  West- 
field,  KW,  and  quasi-Westfield  categories,  which  are  sugges- 
tive of  the  causes  of  the  inefficiencies.  The  AJ  and  Westfield 
effects,  for  example,  occurred  because  a capital  premium  was 
created  by  the  constraint.  The  KW  and  quasi-Westfield  ef- 
fects, on  the  other  hand,  resulted  from  consumer  cross- 
subsidization, which  in  turn  was  encouraged  by  the  presence 
of  the  capital  premium.  This  four-part  classif icatory  device 
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satisfied  the  paper's  second  objective:  to  demonstrate  that 

input  and  output  distortions  are  analogous  to  one  another. 
Accordingly,  the  AJ  and  Westfield  effects  were  shown  to  be 
analogous  to  the  KW  and  quasi-Westfield  effects,  respectively. 

The  recognition  of  this  symmetrical  relationship  led  to 
the  construction  of  a determinate  model  (the  paper's  third 
objective) , which  explained  the  manner  in  which  the  distor- 
tions could  be  optimally  combined  to  achieve  constrained 
profit-maximization.  Because  a trade-off  was  shown  to  exist 
among  the  three  distortion  types,  it  was  concluded  that 
amendments  to  the  rate-of-return  constraint  should  dampen 
all  three  distortions  simultaneously.  An  amendment  which  is 
narrowly  designed  to  reduce  only  one  inefficiency  may  well 
exacerbate  the  other  two.  Since  regulation  was  demonstrated 
to  be  theoretically  more  costly  than  the  recognition  of  input 
distortions  alone  would  imply,  it  was  concluded  that  econo- 
mists should  place  less  emphasis  on  regulating  market  per- 
formance and  more  on  changing  market  structure  into  a more 
competitive  environment.  Where  regulation  is  still  deemed 
desirable,  it  was  felt  that  greater  attention  should  be  paid 
to  rate  structures  to  ensure  that  output  inefficiencies 
receive  at  least  as  much  attention  as  the  input  distortions 
with  which  they  are  combined. 
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CHAPTER  1 


INTRODUCTION 

The  economic  literature  that  had  been  developed  out  of 
the  original  Averch- Johnson  article  concerning  regulation- 
induced  distortions  has  been  largely  preoccupied  with  input 
distortions  created  by  the  simple  rate-of-return  constraint. 
Except  for  the  pioneering  work  done  by  Kafoglis  and  Wellisz, 
little  has  been  written  about  output  distortions.  The  little 
that  has  been  said  has  only  pointed  out  that  input  distor- 
tions raise  average  costs  that  in  turn  pull  the  firm's 
output  below  the  social  optimum  (i.e.,  where  P = MC) . It 
comes  as  quite  a surprise,  then,  to  learn  that  Averch  and 
Johnson  (A  and  J)  consider  output  distortions  to  be  equally 
important  as  (and  not  simply  incidental  to)  the  input  distor- 
tions they  identify. 

Chapter  2 of  this  work  briefly  reviews  the  AJ  effect 
and  shows  how  Westfield  carries  the  AJ  input  analysis  to  its 
logical  extreme.  In  essence,  Westfield  proves  informally 
that  the  constrained  firm  will  have  a profit  incentive  to 
purchase  useless  capital  when  its  production  process  is  physi- 
cally saturated  with  the  capital  input.  Chapter  3 identifies 
two  AJ  output  effects,  one  being  contractionary  and  the  other 
expansionary.  The  former  receives  little  attention  because 
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it  is  incidental  to  the  AJ  input  effect  and,  as  such,  has 
already  received  much  attention  in  the  literature.  The  lat- 
ter effect,  however,  has  been  examined  rigorously  only  by 
Kafoglis  and  Wellisz  (K  and  W) , so  it  is  of  primary  concern. 
This  expansionary  output  effect  is  produced  when  the  simple 
rate-of-return  constraint  induces  the  firm  to  sell  a portion 
of  its  output  at  below-MC  prices.  Unless  product  demand  is 
perfectly  inelastic,  the  lowering  of  the  marginal  price  will 
increase  the  quantity  of  product  demanded.  In  this  way  a 
firm  having  excessive  profits  can  expand  its  rate  base  and 
trim  its  earnings  at  the  same  time,  since  the  expanded  output 
justifies  and  helps  to  finance — an  increase  in  capital 
stock.  In  addition,  this  output  distortion  (of  the  marginal 
rates  of  substitution  of  the  regulated  products  for  unregu- 
lated products)  may  lead  to  an  inefficient  use  of  total  energy 
resources.  The  most  dramatic  possibility  is  that  low-income 
classes  may  subsidize  certain  sectors.  Thus,  both  distribu- 
tional equity  and  economic  efficiency  may  be  frustrated 
simultaneously . 

In  reference  to  the  behavior  of  a restrained  profit- 
maximizer,  A and  J explain  the  efficacy  of  below-MC  pricing 
but  not  the  extent  to  which  it  might  be  profitably  employed. 
With  reference  to  the  restrained  output-maximizer , Kafoglis 
extends  the  concept  of  below-MC  pricing  to  its  "probable" 
extreme.  He  uses  a first-degree  price  discrimination  model 
to  demonstrate  that  regulation  can  induce  output  expansion 
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far  beyond  the  Pareto-optimal  level.  Even  though  Kafoglis 
uses  an  output-  rather  than  profit-maximizing  objective,  the 
important  implications  of  his  analysis  can  be  almost  fully 
applied  to  the  AJ  profit-maximizer  as  well.  Therefore,  it 
is  apparent  that  the  restrained  profit-maximizer  may  also  be 
induced  to  expand  output  beyond  the  social  optimum  by  the 
rate-of-return  constraint.  This  application  of  Kafoglis' 
analysis  in  Chapter  3 is  highly  significant,  considering 
that  A and  J discuss  below-MC  pricing  only  in  terms  of  third- 
degree  price  discrimination  and  that  they  fail  to  identify 
the  potential,  total  output  effect  with  respect  to  the 
social  optimum.  Moreover,  Wellisz  examines  below-MC  pricing 
only  within  the  framework  of  peakload  pricing,  and  he  too 
fails  to  identify  the  potential,  total  output  effect. 

Even  though  Kafoglis  carries  the  below-MC  pricing  con- 
cept to  its  "probable"  extreme,  he  does  not  carry  it  to  its 
logical — and,  perhaps,  improbable — extreme.  He  does  not 
consider  the  possibility  that  negative  marginal  pricing  could 
be  the  profitable  result  of  the  combination  of  price  discrim- 
ination and  regulation.  Apparently,  this  possibility  has 
been  overlooked  in  the  rest  of  the  economic  literature  as 
well.  The  analysis  in  Chapter  3 shows  negative  marginal 
pricing  to  be  a workable  policy  when  the  firm  reaches  the 
point  of  market  saturation  before  exhausting  excess  earnings  and 
when  the  regulatory  agency  prevents  the  firm  from  acquiring 
capital  in  inefficiently  large  proportions.  This  result  is 
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not  unlike  the  Westfield  input  effect,  which  becomes  viable 
when  either  market-  or  factor-saturation  is  reached  before 
excess  earnings  are  eliminated.  Because  of  this  analogous 
relationship  between  the  two  influences,  negative  marginal 
pricing  might  be  conveniently  referred  to  as  the  quasi-West- 
field output  effect.  This  nomenclature  emphasizes  the  symmet- 
rical relationship  between  input  and  output  distortions 
while  acknowledging  that  the  Westfield  analysis  does  not 
actually  encompass  output  distortions. 

Two  of  the  prime  objectives  of  this  work  are  accomplished 
in  Chapters  2 and  3.  These  goals  are  (1)  to  elevate  the 
expansionary  output  distortion  to  the  status  which  it  deserves- 
a status  at  least  equal  to  that  now  enjoyed  by  the  input 
effect  and  (2)  to  define  and  emphasize  the  analogous  rela- 
tionship that  exists  between  input  and  output  distortions. 
Accordingly,  the  AJ  and  Westfield  effects  will  be  shown  to  be 
analogous  to  the  KW  and  quasi-Westfield  effects,  respectively. 

The  third  major  objective,  to  demonstrate  how  the  firm 
might  optimally  combine  the  distortions  to  achieve  constrained 
profit-maximization,  is  accomplished  in  Chapter  4.  This 
fourth  chapter  not  only  produces  a determinate  equilibrium 
solution  that  combines  both  input  and  output  distortions, 
it  yields  this  solution  within  the  framework  of  a multi- 
product firm.  The  theoretical  analysis  of  regulation-induced 
inefficiencies  has  too  long  been  confined  to  a study  of  single- 
product firms,  so  this  extension  by  itself  is  quite  significant 
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By  employing  a multi-product  model  of  the  constrained  firm, 
a third  type  of  distortion  will  be  identified  that  is  to 
be  labelled  a "Type  2"  output  distortion.  Until  now,  it 
has  not  been  adequately  distinguished  from  either  the  "Type 
1"  output  distortion  or  the  input  inefficiency.  Finally, 
implications  of  these  theoretical  developments  with  regard 
to  rate  design  will  be  examined  in  the  conclusion  of  the 
thesis.  Chapter  5. 


CHAPTER  2 


INPUT  DISTORTIONS  INDUCED  BY  CONSTRAINT 
Introduction  and  Summary 

The  exposition  of  formal  theoretical  models  is  initiated 
in  this  chapter,  which  demonstrates  that  effective  rate-of- 
return  constraints  may  lead  to  input  distortions  in  the  pro- 
duction process.  Because  the  interpretation  of  the  Averch- 
Johnson  (AJ)  effect  has  great  bearing  on  subsequent  chapters, 
Zajac's  [1970]  treatment  of  the  AJ  model  is  carefully  re- 
viewed at  the  outset  of  this  chapter.^  This  graphical  model 
reaches  the  now-familiar  Averch- Johnson  conclusion  that 
when  the  market  price  of  financial  capital  is  less  than  the 

rate  of  return  permitted  by  the  regulatory  agency,  the 
2 

constraint  encourages  the  profit-maximizing  firm  to  use  more 
capital  relative  to  labor  than  is  needed  to  minimize  costs 
at  the  output  level  it  selects.  This  conclusion  is  now  popularly 


The  Averch-Johnson  article  employs  only  a little  geom- 
etry, relying  heavily  on  nonlinear  programming  and  the  Kuhn- 
Tucker  theorem.  The  theorem  is  discussed  by  Bailey  [pp.  20- 
32]  . 


2 

Because  this  work  is  solely  concerned  with  the  fair 
rate-of-return  constraint,  all  subsequent  usages  of  "con- 
straint" are  intended  to  refer  to  this  usage  only,  unless 
otherwise  stated. 
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referred  to  as  the  "AJ  effect."^  The  latter  part  of  this 
chapter  examines  Westfield's  argument  that  the  constrained, 
profit-maximizing  firm  may  purchase  useless  or  idle  capital 
under  output  conditions  normally  encountered  by  decreasing 
cost  industries. 


Zajac's  Geometric  Model  of  the  AJ  Effect 
Simplifying  Assumptions 

The  Zajac  [1970]  model  is  based  upon  the  following 
assumptions:  a single  firm  uses  two  variable  factors,  capi- 

tal K and  labor  L,  to  produce  a quantity  q of  a single  good 
which  can  be  sold  at  price  p.^  Other  endogenous  variables 
are  determined  by  the  inverse  demand  function, 

p = p(q) ; (1) 

the  total  revenue  function. 


R = qp; 


(2) 


An  exception  is  Kahn's  reference  to  the  input  distor- 
tion as  the  "AJW  effect"  which  gives  equal  recognition  to 
S.H,  Wellisz,  who  developed  a similar  model  almost  simul- 
taneously with  (but  independent  of)  Averch  and  Johnson.  See 
Kahn  [1971,  pp.  49-59].  The  Wellisz  article  emphasizes  the 
importance  of  regulation-induced  output  distortions  (between 
peak  and  off-peak  markets)  while  the  AJ  paper  rigorously 
examines  input  distortions. 

4 

See  Averch  and  Johnson  [pp.  1054-56]  for  the  assump- 
tions as  originally  presented.  The  symbols  used  here  are 
borrowed  from  Zajac  since  his  graphical  model  is  a major 
reference  in  this  work. 
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the  production  function. 


q = q (K,L)  ; (3) 

and  the  profit  function, 

IT  = pq  - (iK  + wL)  , (4) 

where  i is  the  cost  of  capital  and  w is  the  wage  rate  of 
labor.  From  the  first  three  equations  it  is  apparent  that 
total  revenue  can  be  expressed  as  a function  of  the  inputs 
K and  L,  so  that 

R = R(K,L) . (5) 

Given  that  both  factors  are  variable,  the  model  must  be  con- 
sidered a long-run  analysis  either  in  the  sense  that  suffi- 
cient time  is  allowed  for  the  completion  of  all  desired  input 
adjustments  or  in  the  sense  that  the  firm  is  designing  its 
plant  from  scratch.  The  latter  of  these  two  interpretations 
seems  more  sensible,  because  the  static  model  represents 
reality  at  an  instant  in  time.  The  former  interpretation  is 
feasible,  of  course,  since  all  functions  could  be  assumed 
to  remain  constant  in  the  long-run. 

Regulation  (as  envisioned  in  this  model) ^ affects  the 
firm's  decisions  in  only  one  regard:  it  imposes  a constraint 

which  requires  that  the  rate  of  return  to  capital  not  exceed 
a "fair"  rate  of  return  f.  The  model,  in  short,  assumes 

^In  reality,  regulation  goes  far  beyond  this  simple  re- 
straint. 
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rate-of-return  regulation  rather  than  detailed  rate  regulation 
as  is  predicted  by  many  commissions.  To  avoid  trivial  solu- 
tions, it  is  assumed  that  f is  greater  than  i (so  the  firm 
will  survive  in  the  long-run)  but  below  the  attainable,  profit- 
maximizing  rate  of  return  (so  the  firm  has  an  effective  con- 
straint with  which  to  contend).^  The  regulatory  constraint 
can  be  stated  as 


pq  - wL 
K 


< f. 


(6) 


when  depreciation  and  regulatory  lag  are  assumed  nonexistent. 
Zajac  rearranges  (6) , using  equation  (4) , to  obtain 


IT  < (f  - i)K, 


(7) 


If  the  constraint  is  effective,  (7)  can  be  written  as  an 
equation  which  holds  at  the  point  where  constrained  profits 
are  a maximum.  In  addition,  constraint  (7)  and  all  other 
functions  are  assumed  to  be  twice  differentiable,  while  the 
necessary  second-order  conditions  are  assumed  to  be  fulfilled 
Also,  factor  costs  and  isoquants  are  given.  Finally,  techno- 
logical change  and  uncertainty  are  dismissed  for  simplicity, 
so  we  have  a purely  static  model. 


Profit  Hill  and  Constraint  Plane 


From  equations  (1)  and  (5)  it  is  clear  that,  given  w and 


Moreover,  the  solution  is  trivial  when  f=i  in  the  sense 
that  a secondary  objective  would  be  needed  to  make  the  solution 
determinate.  See  Averch  and  Johnson  [p.  1055]  and  Baumol  and 
Klevorick  [p.  174].  In  reality,  regulatory  lag  could  create  a 
situation  where  f=i  or  f<i  (at  least  in  the  short-run) . 
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1/  P/  <3  and  TT  depend  solely  on  K and  L.  The  profit  function 
specified  by  equation  (4)  can  therefore  be  shown  in  Figure 
2.1  as  a profit  hill  using  tt , K and  L coordinates.  The  above 
assumptions  concerning  differentiation  and  concavity  condi- 
tions assure  that  only  one  value  of  ir  exists  for  each  K,L 
combination;  that  the  profit  hill  is  single-peaked;  and  that 
only  one  point,  the  peak,  is  tangent  to  the  K,L  horizontal 
plane.  When  interpreted  as  an  equality,  constraint  (7) 
forces  the  firm  to  operate  below  the  hill's  peak  on  a con- 
straint plane  shown  hinged  on  the  labor  axis.  The  degree  to 
which  the  plane  swings  away  from  the  K,L  horizontal  plane 
is  determined  by  equation  (7) . Since  the  constraint  plane 
is  assumed  to  be  effective,  it  cuts  through  the  profit  hill, 
delineating  a prohibited  "bump"  on  top  of  the  hill  where  the 
firm  may  not  operate.  Because  the  constraint  plane  is  hinged 
on  the  labor  axis,  the  firm  maximizes  profit  when  operating 
along  the  intersection  of  the  profit  hill  and  the  constraint 
plane  at  the  point  of  maximum  K.  The  curve  which  results  from 
the  intersection  of  the  hill  and  plane  is  called  the  "con- 
straint curve."  The  fact  that  rate-of -return  regulation 
permits  operation  at  any  point  on  the  constraint  curve  is 
itself  powerful  evidence  that  a wide  variety  of  outcomes 
are  possible  under  this  simple  type  of  restraint.  About  all 
that  this  constraint  can  be  expected  to  accomplish  is  "profit" 


control . 


Profit 

Hill 


Maximum  Profit 
Point 


FIGURE  2.1 


PROFIT  HILL  AND  CONSTRAINT  PLANE 
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Constraint  Curve  and  Isoquants 

In  Figure  2.2  the  constraint  curve  is  projected  down 
onto  the  horizontal  K,L  plane.  The  firm  is  not  allowed  to 
operate  in  the  area  where  the  prohibited  bump  is  circum- 
scribed by  the  constraint  curve.  Since  factor  costs  and  the 
isoquants  are  given,  a locus  of  efficient  points  can  be 
drawn  which  would  be  the  expansion  path  of  an  unconstrained 
firm.  From  the  inverse  demand  function,  p = p(q),  it  is 
known  that  the  isoquants  are  also  isorevenue  curves.  From 
equation  (4)  it  follows  that  profit  is  maximized  along  any 
isoquant  at  the  efficient  point,  where  input  costs  are 
minimized.  The  locus  of  efficient  points,  therefore,  must 
pass  through  the  point  at  the  peak  of  the  profit  hill. 

The  firm  operates  at  at  which  point  it  wastefully  uti- 

lizes too  much  K relative  to  L. 

To  prove  that  the  firm  uses  too  much  K for  the  chosen 
output,  Zajac  shows  it  to  be  impossible  that  the  locus  of 
efficient  points  would  intersect  the  isoquant  passing  through 
Kmax  outside  the  constraint  curve.  As  shown  in  Figure  2.2(a) 
this  outcome  would  require  efficient  point  P to  be  more  prof- 
itable than  And  P'  , also  located  on  the  locus  of 

efficient  points  but  closer  to  must  be  more  profitable 

than  P.  This  would  mean,  however,  that  P'  is  more  profitable 
than  which  is  inconsistent  with  the  fact  that  profit 

is  maximized  along  the  constraint  curve  at  Consequently, 

the  locus  of  efficient  points  must  lie  above  K and  intersect 

max 
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(a)  Impossible  Location  of  P 


(b)  Only  Possible  Location  of  P 


FIGURE  2.2 


LOCATION  OF  EFFICIENT  POINT  P 
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the  isoquant  through  K at  a point  inside  the  constraint 

lUciX 

curve  as  shown  in  Figure  2.2(b).  Therefore,  the  firm 
produces  the  level  of  output  employing  too  much  K rela- 

tive to  L. 

Feasible  Primary  and  Secondary  Objectives 

It  is  interesting  to  note  that  as  the  regulator  becomes 

increasingly  lax,  allowing  the  constraint  plane  to  swing 

upward,  the  forbidden  "bump"  on  the  profit  hill  diminishes 

in  size.  As  a result,  K in  Figure  2.2(b)  moves  closer 

max 

to  as  the  forbidden  area  shrinks.  Conversely,  as  f is 

forced  closer  to  i the  constraint  plane  swings  downward, 

approaching  the  horizontal  base  of  the  profit  hill.  This 

enlarges  the  prohibited  area,  forcing  farther  away 

from  and  farther  away  from  the  efficient  point  on  the 

isoquant  through  K . Therefore,  as  the  constraint  becomes 

rria.x 

increasingly  more  restrictive  (i . e . , as  f approaches  i)  the 
input  distortion  grows  increasingly  larger.  This  conclu- 
sion is  not  too  surprising,  since  it  is  obvious  that  no  input 
inefficiency  will  exist  when  f is  so  great  as  to  be  ineffec- 
tive. It  should  be  equally  clear  that  when  f = i the  profit- 
less firm  cannot  pursue  its  sole  objective,  profit-maximiza- 
tion. In  this  unlikely  case  the  firm  would  be  indifferent 

7 . 

This  conclusion  is  more  fully  explained  by  Baumol  and 
Klevorick  [pp.  174-75]  and  Scherer  [p.  533].  In  addition, 
a geometric  proof  is  offered  by  Westfield  [pp.  429-32]  and 
a rigorous  mathematical  proof  is  produced  by  Takayama  [pp. 
255-60] . 
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to  operation  at  any  two  points  on  the  horizontal,  constraint 
plane.  A determinate  solution  would  result  only  when  a 
second  objective  (i.e.,  sales  or  output  maximization)  is 
assumed  to  be  present.  As  stated  earlier,  Zajac’s  basic 
model  avoids  these  two  extremes  by  assuming  f to  be  less  than 
Vax  return  and  greater  than  the  cost  of  capital.^ 

Even  when  f does  exceed  i,  the  firm  may  still  choose 
some  maximand  other  than  profit  as  its  objective.  For  exam- 
ple, if  the  firm  is  solely  intent  upon  maximizing  rate  of 
return,  Zajac  shows  that  it  would  be  indifferent  as  to  its 


position  on  the  constraint  curve  as  shown  in  Figure  2.3. 
rate  of  return  is  everywhere  the  same  along  the  constraint 
curve.  The  equilibrium  solution  becomes  determinate  only 


when  the  firm  is  assumed  to  have  a secondary  objective,  which 


in  this  example  could  be  cost-minimization.  In  this  case 
the  firm  would  operate  at  position  A,  because  this  is  the 
only  point  on  the  constraint  curve  that  is  intersected  by 
the  locus  of  efficient  points.  Alternatively,  if  the  firm's 
primary  and  secondary  objectives  are  rate  of  return  and  out- 
put maximization,  respectively,  the  firm  will  meet  both  ob- 
jectives at  position  B.  Only  at  point  B is  the  constraint 
curve  tangent  to  an  isoquant  curve  (and  both  curves  in  turn 
tangent  to  a level  line  of  fK  + wL) . Because  f is  greater 
than  i,  the  level  line  of  fK  + wL  must  be  steeper  than  that 


g 

Averch  and  Johnson  [pp.  1055-56]  themselves  consider 
these  two  extreme  cases,  which  are  also  given  cursory  exam- 
ination by  Zajac  [p.  118] . 
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L 


FIGURE  2.3 


SOLUTION  FOR  RATE  OF  RETURN  MAXIMIZATION 
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of  iK  + wL,  which  intersects  point  A.  This  means  that  point 
B is  necessarily  northwest  of  point  A and  is  located  on  the 
constraint  curve  between  points  A and  C,^  since  the  level 
line  of  fK  + wL  is  assumed  to  be  negatively  sloped.  At 
position  B,  then,  the  firm  will  undercapitalize--not  over- 
capitalize--because  it  is  operating  above  the  locus  of  effi- 
^isnt  points.  This  reversal  of  the  AJ  effect  also  occurs 
if  the  firm's  secondary  objective  is  sales  (i.e.,  revenue) 
maximization,  and  the  firm  would  again  reach  an  eguilibrium 
position  at  B.  It  is  clear  that  rates  of  return  are  equal 
at  points  A and  B while  costs  are  greater  at  point  B.  The 
higher  costs  at  B are  offset  by  higher  revenues. 

Other  Extensions  of  the  AJ  Effect 

The  graphical  exposition  is  now  complete  for  Zajac's 
model,  which  will  become  the  basis  for  the  extended  geometry 
in  Chapter  4.  The  Zajac  model  is  only  a small  part  of  the 
growing  body  of  literature  that  has  been  inspired  by  the 
original  Averch- Johnson  article.  Bailey  and  Coleman  [1971], 
for  example,  explore  the  effects  of  regulatory  lag  (assumed 
nonexistent  in  the  Zajac  model)  on  the  AJ  effect.  In  addition, 
Baumol  and  Klevorick  [pp.  179-80]  disprove  the  claim  that 
the  constrained,  prof it— maximizing  firm  will  necessarily  use 

9 

Point  C could  only  be  tangent  to  a line  having  zero 

slope . 


The  reversal  of  the  AJ  effect  was  first  demonstrated 
by  Bailey  and  Malone  [pp.  129-42]. 
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a higher  capital-labor  ratio  than  that  employed  by  the  un- 
constrained firm.  Although  these  and  other  insights  are  not 
sufficiently  basic  to  this  paper  as  to  warrant  exposition 
here,  one  allegation  is  highly  relevant  to  the  theoretical 
results  in  the  next  three  chapters.  This  item  is  the  claim 
that  the  constrained  firm  will  increase  allowable  profits 
by  purchasing  nonproductive  capital  with  which  to  pad  its 
rate  base.  The  remainder  of  this  chapter  will  be  devoted 
to  an  analysis  of  this  important  proposition. 

The  Controversy  Over  Rate  Base  Padding 

Zajac  labels  the  claim  that  the  firm  may  want  to  pad 
its  rate  base  with  useless  capital  an  "ancient  allegation" 
and  handles  it  summarily  at  the  end  of  his  article  [1970, 
pp.  124-25] . He  takes  the  opposing  view  that  the  firm  would 
not  willingly  purchase  useless  capital  when  it  could  buy  pro- 
ductive capital  for  the  same  price.  For  the  sake  of  sim- 
plicity and  economy  of  exposition,  Zajac  attempts  to  dis- 
prove the  allegation  within  the  geometric  framework  of  a 
model  already  introduced  (Figure  2.1  above).  Westfield's 
arguments  in  favor  of  the  proposition  will  follow  a summary 
of  Zajac 's  reasoning  against  it.^^  Because  no  previous 

^^It  might  seem  more  appropriate  that  a rigorous  defense 
of  the  allegation  precede — not  follow — the  well-reasoned 
argument  against  it.  Such  would  be  the  precedure  of  the 
affirmative  and  negative  participants  in  a formal,  verbal 
debate.  However,  since  supporters  of  the  old  view  are 
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attempt  has  been  made  to  integrate  both  arguments  within 
the  same  model,  the  Zajac  and  Westfield  presentations  will 
be  combined  geometrically  in  an  effort  to  reconcile  the 
opposing  views. 

Zajac 's  Challenge 

In  an  attempt  to  finally  settle  the  issue  of  rate  base 
padding,  Zajac  lowers  the  profit  hill  in  Figure  2.1  so 
that  it  looks  like  that  in  Figure  2.4.  The  added  cost  of 
redundant  capital  K*  causes  the  entire  hill  to  sink  lower 
by  an  amount  iK*.  The  profit  function  becomes 


TT  = pq  - wL  - i (K  + K*). 


(8) 


Similarly,  the  constraint  can  now  be  restated  as 


TT  < (f  - i)  (K  + K*)  , 


(9) 


which  means  that  the  constraint  plane  will  rise  to  a new 
position  that  is  parallel  to  the  old.  The  new,  higher  plane 
intersects  the  K-axis  at  -K* . Even  though  the  rise  in  the 
constraint  plane  has  a positive  effect  on  allowable  profits, 
this  is  more  than  offset  by  the  negative  effect  imposed 


reportedly  guilty  of  a misconception,  this  summary  of  the 
dispute  will  follow  legal  procedures  in  placing  Zajac  on 
the  stand  first.  It  should  then  be  apparent  why  Westfield, 
the  most  eloquent  defender  of  the  old  belief,  is  being 
brought  to  trial.  More  to  the  point,  the  Westfield  de- 
fense is  quite  structurally  dissimilar  to  the  Zajac  model. 
The  defense  must  be  accompanied  by  new  analysis  and  terms. 
On  the  other  hand,  Zajac' s prosecuting  remarks  can  be 
discussed  in  the  familiar  terms  that  have  only  recently 
been  introduced. 


FIGURE  2.4 


GEOMETRIC  SOLUTION  TO  RATE  BASE  PADDING 


21 


by  the  fall  of  the  profit  hill, 

Zajac's  result  is  reasoned  as  follows.  If,  with  the 
purchase  of  useless  capital, the  firm  were  maximizing  prof- 
its it  could  substitute  productive  capital  for  the  useless 
capital  K*.  Because  K and  K*  cost  the  same,  K*  can  be  traded 
for  an  equal  amount  of  productive  capital.  This  situation 
means  that  the  firm  can  now  remain  on  the  same  isoquant 
while  cutting  back  on  labor  employment.  Since  the  rate 
base  is  unchanged,  the  reduction  in  wL  pushes  profits  up  to 
a prohibited  level.  The  firm  could  react  by  purchasing  more 
productive  capital  and  using  it  to  replace  labor.  This  moves 
the  firm  outward  along  the  same  isoquant  to  the  constraint 
curve.  When  it  reaches  the  constraint  curve,  the  firm  can 
further  increase  profits  by  moving  along  that  curve  to  posi- 
tion shown  in  Figure  2.1.  In  this  way  Zajac  arrives 

at  the  conclusion  that 

. . . the  constrained  profit  maximum  of 
[Figure  2.1],  using  only  productive  capi- 
tal, is  always  higher  than  the  constrained 
useless-capital  profit  maximum  of  [Figure 
2.4].  [1970,  p.  125] 

Nevertheless,  Zajac's  argument  that  the  firm  will  never  wish 
to  purchase  useless  capital  is  correct  only  within  the  frame- 
work of  his  formal  model,  which  assumes--by  implication 
rather  than  specification — that  the  firm  will  never  produce 
an  output  so  great  that  capital  is  used  beyond  the  point  of 
physical  saturation.  Because  he  ignores  the  possibility 
that  the  constrained  firm  might  operate  outside  Knightian 
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production  stage  II,  Zajac  fails  to  come  to  grips  with  the 
theoretical  arguments  advanced  by  Westfield. 

Westfield's  Defense 

Writing  several  years  in  advance  of  the  Zajac  article 
and  using  a graphical  model  that  is  quite  unlike  Zajac 's 
Figure  2.2(a),  Westfield  shows  that  profits  of  the  constrained, 
profit-maximizing  firm  will  not  necessarily  decrease--and 
indeed  may  increase- -when  the  capital  supplier  raises  the 
price  of  capital.  This  result  would  explain,  Westfield 
argues,  why  suspected  conspiracies  between  electrical  utili- 
ties and  their  capital  supplies  could  be  profitable  to  both 
parties . 

Westfield's  geometric  model  uses  two  basic  graphs:  one 

static  and  the  other  comparative-static.  The  former  is 
based  entirely  on  assumptions  already  introduced  above.  The 
comparative-static  graph,  however,  needs  an  added  assumption 
that  the  firm  will  discount  future  earnings  with  the  rate  of 
interest  r.  A distinction  must  be  made,  therefore,  between 
the  average  acquisition  cost  of  capital  i and  the  interest 
cost  r of  holding  capital  stock.  In  addition,  both  graphs 
require  the  introduction  of  a few  new  terms.  The  first  of 
these  is  "Total  Net  Revenue  Product  of  Capital,"  a Robinson 

12 

As  will  become  apparent  below,  the  situation  envisioned 
by  Westfield  is  Knight's  Stage  III,  in  which  the  variable 
factor  is  combined  with  the  fixed  factor  in  wastefully  large 
amounts.  For  his  classic  presentation,  see  Knight  [p. 

100]  . 
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concept  which  is  represented  in  Figure  2.5  by  curve  Tj^. 
Using  equations  (4)  and  (5)  , the  Tj^  function  can  be  written 

T = Max  [R(K,D  - wL]  - T(K).  (10) 

L 

This  function  requires  that  L be  optimally  adjusted  for 
every  K value  to  ensure  that  the  marginal  revenue  product  of 
labor  just  equals  the  marginal  expenditure  on  labor  (also 
equal  to  w since  labor  is  supplied  at  a constant  price) . 
Restated,  this  requirement  says  that 
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(11) 


Note  that  equation  (11)  is  not  an  added  assumption, 
since  it  is  a logical  consequence  of  action  taken  by  the 
efficient  profit-maximizer  in  both  the  Zajac  and  Westfield 
models.  Moreover,  even  though  Westfield's  firm  may  choose 
to  purchase  K at  prices  above  the  competitive  level  (as  will 
be  shown  below) , it  is  not  necessary  to  drop  the  earlier  as- 
sumption that  K is  bought  in  a competitive  market.  One  of 
the  competitive  suppliers  may  be  more  than  willing  to  enter 
a price-raising  conspiracy  with  its  unusual  customer.  Note 
also  that  K is  purchased  beyond  the  point  at  which  its  mar- 
ginal revenue  product  and  marginal  cost  are  equal.  Exces- 
sive capital  acquisitions  are  needed  to  reduce  total  profit 


13 

Westfield  [p.  430]  credits  the  terminology  to  Robinson. 
Note  that  Tj.  is  net  of  labor  costs  but  gross  with  respect 
to  capital  costs. 


FIGURE  2.5 


INITIAL  EQUILIBRIUM 
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to  the  level  at  which  the  firm  earns  only  the  fair  rate  of 
return  f.  This  is  the  familiar  AJ  effect,  demonstrated 
earlier. 

Figure  2.5  bears  a close  resemblance  to  a vertical 
plane  in  Zajac's  model.  That  is,  the  ordinate  measures 
earnings  (and  capital  costs)  and  the  abscissa  measures 
physical  units  of  K.  Another  similarity  is  the  ray  through 
the  origin  labeled  A*,  which  shows  the  "Maximum  Allowable 
Total  Net  Revenue  Product"  of  capital.  In  the  Zajac  model 
such  a line  might  rather  be  called  the  "constraint  line"-- 
distinguishing  it  from  the  constraint  curve — since  it  is  a 
line  drawn  parallel  to  the  7t,K  plane  on  the  constraint  plane. 

Having  no  counterpart  in  the  Zajac  model,  ray  C,  in 

K 

Figure  2.5  represents  the  total  annual  cost  of  employing 
various  quantities  of  K.  Its  function  can  be  defined  as 

= 'r-i'\K.  (12) 

At  each  level  of  K,  then,  maximum  total  profit  can  be  mea- 
sured as  the  vertical  distance  between  and  Tj^ . This 
profit  maximum  is  greatest  at  K° , at  which  level  the  slopes 
of  and  Tj^  are  equal.  The  slope  of  Tj^  is  dT(K)/dK  and 
the  slope  of  Cj^  is  ri.  Because  f is  assumed  to  exceed  i 
but  fall  short  of  the  profit-maximizing  rate  of  return,  the 
constrained  firm  will  be  in  short-run  equilibrium  when 


A°  > A* 
k k 


> C 


k* 
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The  firm  maximizes  profits  tt*  by  employing  a K*  level  of 
capital . 

To  demonstrate  that  the  restrained,  profit-maximizing 

firm  may  be  indifferent  to — or  benefit  from — increases  in 

the  cost  of  capital,  Westfield  employs  comparative-statics 

in  a second  graph.  The  equilibrium  solution  of  Figure  2.5 

is  reproduced  in  Figure  2.6,  so  that  Tj^  again  intersects 

model  is  thrown  into  disequilibrium  by 

a sudden  growth  in  demand,  which  increases  p and  causes  T, 

k 

to  immediately  shift  upwards  to  one  of  the  three  new  positions 
14 

shown.  The  firm  will  purchase  new  capital  goods  to  supple- 
ment the  old  capital  stock  K*  so  that  output  can  rise  to 
meet  the  increased  demand.  The  total  capital  cost  curve 
^k  unchanged  if  the  incremental  capital,  labeled  I, 

can  be  obtained  at  the  initial  price  i.  Likewise,  the  con- 
straining ray  remains  unchanged  as  long  as  the  regulator 
continues  to  value  the  new  capital  by  the  same  criteria  that 
he  used  to  value  the  old  capital.  Assuming  that  the  original 
Tk  curve  shifts  upward  to  the  new  Tj^  (rising)  position,  equili- 
brium will  be  re-established  at  a as  a result  of  new  invest- 
ment I equal  to  - K*.  At  the  same  time,  profits  increase 
from  distance  c*a*  to  distance  ca. 

At  this  point  there  are  only  three  possible  new  equili- 
brium solutions,  depending  upon  the  choice  of  the  three 

14 

Westfield  points  out  that  the  same  increase  in  T,  could 
also  result  from  a decrease  in  tax  rates  or  wage  rates. 
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FIGURE  2.6 


ORIGINAL  COST  VALUATION 
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alternative  Tj^  positions  (i.e.,  rising,  horizontal  or  falling). 
When  the  possibility  that  capital  costs  i may  rise  to  a 
higher  incremental  cost  i'  is  recognized,  the  number  of  fea- 
sible solutions  increases  to  six.  If  i'  exceeds  i,  the  C, 

k 

and  Aj^  rays  will  each  be  increased  by  the  same  percent,  be- 
cause the  allowable  rate  of  return  is  figured  as  a percent 
of  capital  stock  to  begin  with.  Since  the  initial  valuation 
of  K*  is  unchanged,  ray  kinks  at  c*  and  swings  upward  by 
a given  percent  to  Similarly,  ray  A-^  kinks  at  a*  and 

swings  upward  by  an  equal  percent  to  A^.  The  increased 
total  cost  of  capital  function  becomes 

Cj^  = r i K*  + r i'  I.  (13) 

It  is  assumed  that  the  regulator  expands  the  rate  base  by 
the  amount  of  new  investment,  so  that  at  the  various  levels 
of  capital  beyond  K*  ray  is  effectively  the  rate  base. 

Even  though  the  slopes  of  Aj^  and  Cj,  are  increased  by 
equal  proportions,  the  allowable  net  revenue  grows  by  a 
larger,  absolute  amount  at  each  higher  level  of  K than  does 
the  total  cost  of  capital  because  Aj^  is  initially  steeper 
than  Cj^.  In  other  words,  the  increase  in  total  capital 
costs  resulting  from  the  capital  price  rise  is  more  than  off- 
set by  the  corresponding  increase  in  the  allowable,  total 
net  revenue  product  of  capital.  Consequently,  a potential 
exists  for  the  regulated  firm  to  benefit  from  a price 
conspiracy  with  its  capital  suppliers.  Whether  the  firm 
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actually  loses,  breaks-even , or  benefits  from  an  increase  in 
i is  entirely  cletermined  by  the  slope  of  the  T,  curve  in 
the  neighborhood  of  the  four  constraint  and  capital  cost 
curves . 

Accordingly,  there  are  three  separate  cases  which  West- 

field  considers.  If  it  is  first  assumed  that  T,  rises  in 

k 

the  relevant  region,  the  new  equilibrium  intersection  of 
Tk  with  will  occur  at  K and  the  firm  will  earn  profits 
equal  to  distance  ca,  as  earlier  explained.  If  i'  is  greater 
than  i,  however,  Tj^  intersects  with  A^  at  and  the  firm's 
profit  is  only  c^a^,  which  is  necessarily  smaller  than 
As  long  as  Tj^  rises,  then,  the  firm  is  unable  to  take  advan- 
tage of  the  potential  increases  in  allowable  profit  that 
are  generated  by  the  conspiracy.  Furthermore,  profits  are 
reduced  by  higher  cost  of  capital. 

In  the  second  case,  is  horizontal  when  it  intersects 
the  two  alternative  constraint  curves,  A^^  and  Aj^ . A price 
rise  for  new  investment  would  cause  the  equilibrium  level  of 
capital  to  decrease  from  K to  K^r  but  profits  would  remain 
unchanged  since  ca  must  necessarily  be  equal  to  '^2^2’ 
such  a situation  the  firm  would  be  indifferent  to  a rise  in 
the  price  of  capital  goods. 

The  last  possibility  is  that  is  falling  as  it  inter- 
sects Aj,  and  A^.  Here  the  firm  will  react  to  higher  capital 
costs  by  reducing  its  factor  purchases  from  K to  K^,  but 
profit  is  shown  to  increase  from  ca  to  c^a^.  This  third 
situation  is  the  most  interesting  of  the  three,  because  it 
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is  here  demonstrated  that  the  constrained  profit-maximizing 
firm  actually  favors  an  escalation  of  capital  prices.  And 
what  amounts  to  the  same  thing,  the  regulated  firm  may  tend 
to  pad  its  rate  base  with  nonproductive  capital.  The  T, 
curve  peaks  and  falls  due  to  either  market  saturation  or 
physical  saturation.  That  is,  Tj^  falls  either  because  the 
marginal  revenue  product  or  the  marginal  physical  product 
becomes  negative.  Westfield  admits  that  the  former  situation 
is  most  improbable  since  it  requires  that  the  firm  operate 
along  the  inelastic  portion  of  its  demand  curve.  The  rate 
of  return  constraint  alone  could  not  force  the  firm  to  expand 
production  beyond  the  point  at  which  marginal  revenue  is 
zero.  On  the  other  hand,  physical  saturation  will  surely 
occur  because  capital  must  eventually  reach  its  intensive 
margin  regardless  of  the  given  level  of  labor  input. 

At  capital's  intensive  margin  MPPj^  = 0 and  Tj^  reaches 
its  peak.  Curve  T^^  does  not  fall  from  this  peak  until  MPPj^ 
becomes  negative.  Westfield  attempts  to  satisfy  this  nega- 
tivity requirement  by  arguing  that  excessive  additions  to 
capital  stock  may  "...  contaminate  the  production  process 
. . . . like  redundant  rain  ..."  [p.  440]  so  that  output 

maintenance  would  require  additional  units  of  labor.  Such 
contamination  might  take  the  form  of  storage  costs  or  the 
tendency  of  unemployed  equipment  to  get  in  the  way.  The 
situation  can  be  worsened,  then,  if  the  regulator  insists 
that  all  capital  stock  be  actively  employed,  because  this 
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would  make  it  all  the  more  likely  that  the  production  pro- 
cess will  be  corrupted.  Having  demonstrated  that  the  T, 

k 

curve  may  fall,  Westfield  is  able  to  conclude  that  the  con- 
strained, profit-maximizing  firm  may  favor  price  conspira- 
cies or  acquisition  of  useless  capital  stock. 

Reconciliation  of  the  Padding  Controversy 

Three  reasons  come  to  mind  for  combining  the  Zajac 
and  Westfield  arguments  within  the  basic  Zajac  model  [i.e.. 
Figure  2.2(b)].  First,  even  though  Zajac 's  conclusion  is 
incongruent  with  the  Westfield  conclusion  that  precedes  it, 
Zajac  does  not  directly  respond  to  the  Westfield  arguments. 
This  is  unfortunate,  since  the  Westfield  analysis  can  be 
handled  economically  within  the  framework  of  the  model  intro- 
duced in  the  Zajac  article.  The  integration  of  the  opposing 
arguments  here  will  produce  just  the  kind  of  juxtaposition 
needed  and  which  Zajac  seems  to  have  avoided.  Second, 
Westfield  is  forced  to  abandon  his  geometry  when  explaining 
the  nature  of  physical  saturation.  His  graphs  are  inade- 
quate for  this  purpose  because  they  lack  axes  for  both  factor 
inputs.  On  the  other  hand,  isoquants  in  the  Zajac  model 
solve  this  problem  easily.  The  production  of  a geometric, 
whole  model  out  of  geometric,  verbal,  and  mathematical  parts 
should  make  the  Westfield  analysis  more  quickly  comprehensible 
and  better  integrated.  Third,  the  Zajac  model  is  well  known 
while  the  Westfield  graphs  have  been  slow  to  catch  fire  in 
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the  literature.  Students  of  regulation  theory  may  more 
quickly  comprehend  Westfield's  reasoning  when  it  is  trans- 
lated into  familiar  terms. 

An  Integrated  Model  Proposed 

The  integrated  model  shown  in  Figure  2.7  is  logically 
consistent  with  the  Zajac  analysis  and  dependent  only  upon 
the  familiar  Zajac  assumptions.  The  negative  and  positive 
sloping  isoquant  Q can  be  superimposed  onto  Zajac' s Figure 
2.2(b) , because  his  use  of  a negative  sloping  isoquant  in 
that  figure  does  not  preclude  the  possibility  that  the  iso- 
quants are  also  positively  sloped  in  some  undefined  regions. 

A great  increase  in  product  demand,  for  example,  could  ex- 
pand Zajac 's  constraint  curve  so  far  outward  that  it  would 
encompass  the  positive  portions  of  some  isoquants  (like  Q 
and  Q'  in  Figure  2.7).  Therefore,  the  isoquants  and  con- 
straint curve  are  compatible  with  Zajac' s analysis. 

At  the  same  time,  point  A in  Figure  2.7  satisfies  the 
Westfield  requirement  that  there  be  some  finite  quantity 
of  capital  K which  is  capable  of  producing  output  Q when 
combined  with  L.  Output  Q cannot  be  produced  unless  at  least 
L amount  of  labor  is  employed  in  the  production  process. 

^^Unlike  Zajac,  Averch  and  Johnson  [p.  1054]  specifi- 
cally assume  that  the  marginal  physical  products  are  always 
positive  for  both  factors.  Because  this  distinction  has 
an  important  bearing  on  the  present  analysis,  the  assump- 
tions are  here  attributed  to  Zajac  instead  of  Averch  and 
Johnson . 
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FIGURE  2.7 


SOLUTION  FOR  STAGE  III  PRODUCTION 
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Point  A in  Figure  2.7  corresponds  to  the  peak  of  curve  T,  in 
Westfield's  Figure  2.6.  In  the  two  graphs  it  can  be  observed 
that  isoquant  Q reaches  its  minima  and  Tj^  reaches  its 
maxima  above  the  same  level  of  capital  K.  In  cooperation 
with  L,  K is  the  smallest  quantity  of  capital  which  just 
barely  produces  Q.  If  L is  fixed  at  L,  the  marginal  product 
of  capital  is  zero  at  K.  The  marginal  rate  of  technical 
substitution  of  labor  for  capital  (i.e.,  the  slope  of  Q 
at  point  A)  is  also  zero,  because  it  equals  the  ratio  of  the 

to  MPPj^.  The  value  of  this  ratio  is  zero,  of  course, 
since  the  numerator  is  zero. 

Ridge  line  M intersects  the  minima  of  an  infinite  series 
of  isoquants.  Everywhere  along  this  isocline  the  slope  of 
the  intersecting  isoquant,  the  MRTS  of  L for  K,  and  the  MPP 
of  K are  all  equal  to  zero.  Ridge  line  M is  the  intensive 
margin  of  capital,  so  the  firm's  production  stage  III  lies 
to  the  right  of  this  line.  State  II  is  bounded  by  ridge 
lines  M and  M' , the  latter  being  the  extensive  margin  of 
capital.  Isocline  P is  the  locus  of  points  along  which  each 
isoquant  is  tangent  to  an  isocost  curve.  This  locus  would 
be  the  firm's  expansion  path  if  it  were  unconstrained.  Every- 
where along  isocline  P the  ratio  of  input  prices  is  equal  to 
the  MRTS  of  L for  K. 

The  equilibrium  intersection  of  the  constraint  curve 
with  an  isoquant  occurs  at  position  B,  at  which  point  the 
production  process  uses  capital  in  inefficiently  large  pro- 
portions. The  input  distortion  caused  by  the  constraint  can 
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be  separated  into  two  perverse  influences.  The  first  is  the 
AJ  effect,  which  induces  the  firm  to  move  from  efficient 
point  X up  to  capital's  intensive  margin  at  point  A.  The 
second  influence  is  the  "Westfield  effect,"  which  encourages 
the  firm  to  move  beyond  point  A to  position  B in  a region 
considered  uneconomic  by  unconstrained  firms. At  point  B 
the  restrained  firm  equates  the  MRTS  of  L for  K (now  nega- 
tive) with  the  ratio  of  its  private  input-prices  (this  ratio 
also  being  negative) . The  private  cost  of  capital  is  less 
than  the  market  cost  because  capital  serves  as  the  rate 
base.  The  AJ  effect  pulls  the  private  cost  of  capital  below 
the  market  cost  to  a level  near  zero.  The  Westfield  effect 
causes  private  cost  of  capital  to  become  negative. 


A good  case  could  be  made  for  calling  the  entire  dis- 
tance XB  the  AJ  effect,  since  the  AJ  analysis  could  produce 
equilibrium  at  point  B if  only  one  AJ  assumption  is  relaxed 
(i.e.,  the  stipulation  that  MPPjr>0)  . On  the  other  hand,  the 
separation  of  the  input  distortion  into  the  two  effects  iden- 
tified here  is  descriptively  useful.  Furthermore,  the  separa- 
tion should  seem  less  arbitrary  in  Chapter  3,  where  the  AJ  and 
Westfield  input  distortions  are  shown  to  be  analogous  to  two 
types  of  output  distortion. 

In  addition,  the  view  that  the  AJ  effect  is  different 
from  the  effect  of  useless  capital  purchases  is  subscribed 
to  by  Zajac  [1971,  p.  118]  and  McNicol  [pp.  433-34].  Finally, 
Johnson  [1973,  p.  91]  himself  concludes  that  "the  so-called 
Averch-Johnson  effect  of  overcapitalization  does  not  as  a 
general  case  involve  'gold-plating'  or  purchase  of  plant 
solely  to  be  held  idle  . . . . " 

17 

Because  of  the  AJ  assumption  that  MPP  of  both  inputs 
is  always  positive,  the  AJ  effect  can  force  the  private  cost 
of  capital  so  low  that  it  asymptotically  approaches  zero.  For 
this  reason  the  AJ  effect  does  not  actually  move  the  firm 
from  point  X to  position  A — but,  rather,  to  a position  in- 
finitely close  to  position  A. 
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All  isoquants  greater  than  Q'  intersect  the  constraint 
curve  to  the  left  of  ridge  line  M.  This  observation  means 
that  the  revenue-maximizer  whose  secondary  goal  is  cost- 
minimization  will  operate  at  position  S,  where  the  locus 
of  efficient  points  intersects  the  constraint  curve.  If, 
instead,  this  firm's  secondary  goal  is  output  or  sales  maxi- 
mization, it  will  operate  at  position  T and  produce  output 
Q" . In  any  event,  the  revenue-maximizer  having  either  of 
these  secondary  objectives  will  operate  at  outputs  greater 
than  Q'  and  thus  be  free  of  the  Westfield  effect.  This 
conclusion  has  general  validity  and  should  not  be  interpreted 
as  characterizing  only  the  case  shown  in  Figure  2.7.  Point 
S,  for  example,  can  never  be  located  on  the  positively  sloped 
portion  of  an  isoquant,  because  the  isoquant  must  be  tangent 
to  a negatively  sloped  isocost  curve  at  point  S (by  definition) . 
This  ensures  that  point  T will  not  fall  on  the  rising  portion 
of  an  isoquant  since  the  isoquant's  slope  at  T is  even  steeper 
in  a negative  direction  than  it  is  at  S.  Point  T will  always 
be  located  to  the  left  of  point  S as  long  as  the  fair  rate 
of  return  f exceeds  the  market  cost  of  capital  i.  Only  the 
constrained  prof it— maximizer , then,  can  be  influenced  by  the 
Westfield  effect. 

In  the  Westfield  analysis  the  firm  conspires  to  raise 
the  price  of  K so  that  it  can  retreat  from  point  B to  a 
position  closer  to  A on  isoquant  Q.  Even  though  the  firm 
operates  somewhere  between  points  A and  B,  and  even  though 
the  market  price  of  K rises,  the  isoquant's  tangent  at  point 
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B continues  to  measure  the  firm' s effective  (private)  in- 
put-price  ratio.  Distance  AB,  then,  is  a consistent  measure 
of  the  Westfield  effect  even  though  the  firm's  actual  opera- 
ting position  lies  closer  to  capital ' s intensive  margin  at 
point  A, 

When  the  firm  withdraws  its  operations  from  point  B 
toward  A,  there  is  no  compelling  reason  to  believe  that  the 
firm  will  finally  relocate  somewhere  midway  between  points 
A and  B,  as  shown  in  the  Westfield  analysis.  It  is  more 
logical  to  conclude  that  the  price  of  K will  be  driven  up 
so  high  that  operations  will  be  fully  retrenched  to  position 
A.  At  this  point  only  K physical  units  are  employed  while 
inflated  K prices  raise  the  value  of  the  rate  base.  In  terms 
of  Westfield's  Figure  2.6  this  would  mean  that  A'  rises  to 

JC 

an  intersection  with  at  its  peak  instead  of  at  point  a^. 

It  might  be  argued  that  the  firm  will  not  raise  capital 
prices  enough  to  fully  retreat  to  point  A,  because  risk  of 
conspiracy  detection  increases  along  with  capital  price  in- 
creases. However,  since  the  analysis  is  theoretical  anyway, 
it  is  just  as  reasonable  to  assume  that  the  conspiracy  is 
fully  successful  as  it  is  to  suppose  it  to  be  only  partially 
successful.  Therefore,  it  is  the  stronger  of  these  two 
cases  which  shall  be  analyzed  below. 

Determinate  Solution  with  Nonproductive  Capital 

It  has  been  stated  that  the  firm  will  benefit  from  a 
price  conspiracy  that  moves  its  operating  position  from  B 
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to  A on  isoquant  Q (the  strong  case  for  the  Westfield  effect) . 
This  result  can  be  more  easily  illustrated  by  using  the  nu- 
merical example  in  Figure  2.8.  It  will  first  be  shown  that 
the  firm  will  benefit  by  purchasing  useless  capital,  and 
then  this  result  will  be  shown  to  be  analogous  to  a price 
increase  of  capital.  The  isoquant  Q in  Figure  2.8  is  con- 
structed on  the  assumption  that  the  K axis  measures  only  pro- 
ductive capital.  Nevertheless,  this  axis  will  also  be  used 
to  measure  purchases  of  useless  K*,  since  the  firm  can  buy 
K*  at  the  same  price  as  K. 

A numerical  solution 

If  the  firm  is  initially  producing  output  Q at  position 
A,  it  employs  180  units  of  L and  300  units  of  productive 
capital  K.  The  firm  cannot  remain  at  A because  the  fair 
rate  of  return  f is  violated  at  any  position  within  the  con- 
straint curve.  The  firm  must  expand  its  rate  base  if  it 
is  to  continue  to  produce  the  highly  profitable  output  Q. 

This  is  accomplished  if  60  units  of  K are  purchased,  which 
moves  the  firm  to  the  allowable  position  at  B.  Unfortunately, 
the  added  units  of  K contaminate  the  production  process, 
so  the  firm  must  simultaneously  purchase  an  additional  30 
units  of  L to  maintain  output  at  Q.  Total  revenue  is  the 
same  at  B as  at  A,  but  the  added  units  of  K and  L serve  to 
lower  the  rate  of  return  to  an  allowable  level. 

It  must  be  remembered,  however,  that  the  profit-maximizer 
would  be  foolish  to  operate  at  position  B.  Point  B serves 
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FIGURE  2.8 


THE  HEART  SHAPED  CONSTRAINT  CURVE 
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only  as  the  firm's  alternative  position.  It  is  a marker 
that  can  be  used  to  determine  the  firm's  effective  input- 
price  ratio.  Instead  of  buying  60  units  of  K,  the  knowledge- 
able firm  will  purchase  60  units  of  useless  K*.  In  this 
way  the  firm  expands  its  rate  base  to  360  units  of  K and  K* , 
while  continuing  to  employ  only  300  units  of  K in  the  produc— 
tion  process.  The  firm' s actual  isoguant  is  the  concave 
curve  QAB,  but  the  firm's  effective  isoquant  is  the  curve 
QACED.  This  latter  curve  assumes  that  productive  capital 
K is  employed  only  up  to  the  point  of  its  intensive  margin 
and  that  all  further  additions  of  capital  are  K*.  Conse- 
quently, the  firm's  operating  position  is  A and  its  effective 
position  is  now  C. 

At  position  C total  revenue,  capital  costs,  and  the  rate 
base  are  the  same  as  they  were  at  B,  but  30  units  less  labor 
is  now  purchased.  Because  profits  were  at  the  permitted 
limit  at  B,  profits  must  exceed  that  limit  at  C by  the  value 
of  the  unemployed  labor.  If  the  firm  dissipates  excess 
profits  by  rehiring  the  30  labor  units  it  would  return  to 
position  B--hardly  a wise  choice.  But  given  a K/L  price  ratio 
of  1/2,  the  firm  can  exhaust  the  excess  earnings  on  capital 
additions  alone  by  acquiring  60  more  units  of  useless  K* . 

1'hat  is,  30  L units  can  be  exchanged  for  60  K*  units,  moving 
the  effective  position  from  C to  D.  Actually,  the  firm 
will  not  have  to  forfeit  all  of  the  excess  profits  because 
the  rate  base  will  be  expanding  along  with  the  expansion  of 
K*  purchases. 
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The  firm's  equilibrium  position  is  easily  determined. 
The  firm  has  60  K*  units  of  wealth  at  its  disposal  and  a 
portion  will  be  spent  on  purchases  of  useless  capital  and  a 
portion  retained  for  profit  increases.  Symbolically  this 
becomes 


AK*  + Att  = 60.  (14) 

Equation  (7)  can  be  restated  as 


TT  = (f-i)  (K  + K*)  , 


and  if  (f-i)  = 1/5,  then 


Att 


K* 

5 


Combining  equations  (14) 

6AK* 

5 


and 

60, 


(16)  produces 


(15) 


(16) 


(17) 


so  that  AK*  = 50.  This  means  that  the  firm  expands  its  rate 
base  by  50  K*  units  to  410  units  of  capital.  The  expanded 
rate  base  justifies  a profit  increase  equal  in  value  to  10 
K*  units.  In  effect,  the  firm  has  exchanged  25  of  the  30  L 
units  for  50  K*  units  and  sold  the  remaining  5 L units  for 
a profit  increase. 


A geometric  solution 

The  graphical  solution  is  equally  simple.  Isocost  line 
BD  limits  one  side  of  triangle  BCD.  Ray  R through  the  origin 
at  point  C has  a slope  of  (f-i) , which  equals  1/5  in  this 
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example.  As  the  firm  substitutes  K*  for  L,  it  moves  right- 
ward  along  isocost  line  BD.  The  southeasterly  movement  along 
line  BD  is  accompanied  by  a corresponding  northeasterly  move- 
ment along  ray  R,  which  reflects  the  steady  increase  in  al- 
lowable profit  level  (as  the  rate  base  is  expanded  along 
line  CED) . The  equilibrium  intersection  of  constraint  ray 
R with  line  BD  occurs  directly  above  point  E.  The  constraint 
ray  R should  not  be  confused  with  Westfield's  constraint 
line  or  Zajac's  constraint  plane.  Unlike  the  other  two  con- 
cepts, constraint  ray  R measures  the  value  of  allowed  profit 
increases  in  terms  of  labor  units — not  profit  or  revenue  units. 
For  this  reason  it  lies  on  the  K,L  plane — not  above  it. 

Profit  hill. — The  firm's  movement  of  effective  positions 
from  A out  to  E will  have  an  effect  on  the  profit  hill  (and 
thus  the  constraint  curve)  that  has  not  yet  been  discussed. 

Like  the  "productive"  isoquant  curve  QAB,  the  profit  hill 
is  initially  drawn  under  the  assumption  that  only  productive 
capital  will  be  purchased.  The  acquisition  of  useless  capital, 
however,  causes  the  "effective"  isoquant  QACED  (and  all  other 
isoquants)  to  be  perfectly  elastic  beyond  capital's  intensive 
margin.  The  new  profit  hill  must  be  constructed  using  an 
infinite  series  of  effective — not  productive — isoquants  for 
its  derivation.  Because  the  effective  and  productive  iso- 
quants are  identical  to  the  left  of  ridge  line  M,  the  profit 
hill  outside  the  stage  III  region  is  not  affected  by  the 
firm's  clandestine  purchasing  policy.  To  the  right  of  ridge 
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line  M,  however,  the  profit  hill  must  be  higher  at  all 
points . 

Heart  shaped  constraint  curve. — The  new  constraint 
curve  can  be  approximated  without  use  of  a laboriously  con- 
structed, new  profit  hill.  It  has  already  been  shown,  for 
example,  that  the  firm's  rate  of  return  at  position  C vio- 
lates the  constraint.  Position  C,  therefore,  must  lie  inside 
the  new  constraint  curve.  At  the  other  extreme,  it  is  already 
known  that  the  firm's  rate  of  return  at  position  D is  below 
the  allowable  level  f.  Point  D,  then,  necessarily  lies  out- 
side the  new  constraint  curve.  By  similar  reasoning  it  fol- 
lows that  the  new  constraint  curve  must  intersect  point  E, 
since  the  firm  earns  a fair  rate  of  return  at  E.  It  can  be 

deduced  in  this  manner  that  the  new  constraint  curve  will 

1 8 

be  heart  shaped,  intersecting  points  0,  H and  E.  This 
must  be  one  of  the  few  instances  in  microeconomic  theory  where 
a firm  is  guided  to  a profit-maximizing  solution  by  its  heart-- 
as  well  as  its  head. 

Determinate  Solution  with  Price  Conspiracy 

The  curves  in  Figures  2.7  and  2.8  might  best  be  viewed 
as  planning  curves,  since  the  model  is  static  and  both 

1 8 

Zajac  himself  recognizes  that  the  constraint  curve 
could  be  " . . . heart  shaped,  with  the  point  of  the  heart 

at  its  origin,  or  kidney  shaped"  [1970,  p.  119].  In  the 
present  analysis,  the  constraint  curve  will  be  heart  shaped 
in  the  presence  of  rate  base  padding  only  if  it  is  assumed 
to  be  tear  shaped  in  the  absence  of  rate  base  padding. 
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factors  are  fully  variable.  Even  though  it  has  been  analyti- 
cally useful  to  consider  the  firm's  rate  of  return  at  several 
positions  in  Figure  2,8,  the  firm  itself  is  assumed  to  pro- 
ceed immediately  to  equilibrium  position  E.  It  should  be 
evident  that  the  firm  can  reach  position  E either  through 
acquisitions  of  useless  capital,  as  has  just  been  explained, 
or  through  price  conspiracy  with  one  of  its  competitive  sup- 
pliers of  capital. 

Using  the  former  method,  the  firm  expands  its  rate  base 
from  a productive  300  units  to  an  inefficient  410  units.  The 
addition  of  110  nonproductive  units  of  K*  wastefully  inflates 
the  rate  base  by  37  percent.  Such  a large  acquisition  of 
useless  capital  stock  could  be  very  costly  to  store  and  dif- 
ficult to  explain  to  the  regulatory  agent.  For  these  reasons 
it  might  take  the  form  of  a very  expensive,  highly  technical 
machine  (i.e.,  a computer)  that  takes  up  little  space  and 
is  apparently  useful.  On  the  other  hand,  the  firm  may  find 
it  less  risky  to  enter  a price  conspiracy  in  which  capital 
prices  are  inflated  37  percent.  In  this  way  the  firm  could 
purchase  300  K units  for  the  price  of  410  K units.  Like 
the  useless  capital  ploy,  the  conspiracy  enables  the  firm  to 
fully  extricate  its  plant  operations  from  the  "uneconomic" 
third  stage  of  production  while  at  the  same  time  helping  it 
to  expand  its  rate  base. 

Depending  upon  the  point  in  time  at  which  the  conspiracy 
begins,  the  price-fixing  effects  on  the  model  can  take  many 
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geometric  forms.  If  the  price  agreement  is  formalized  only 
after  the  firm  has  reached  some  operating  point  inside  stage 
II  near  ridge  line  M,  the  modified  constraint  curve  could 
look  something  like  the  heart  shape  in  Figure  2.8.  This 
example  would  correspond  closely  to  Westfield's  comparative- 
static  example  in  Figure  2.6.  However,  it  is  not  likely  that 
the  firm  would  wait  until  it  had  purchased  nearly  300  K units 
before  agreeing  to  pay  higher  capital  prices.  Such  delay 
would  force  the  firm  to  pay  questionably  high  prices  on  the 
few  incremental  units  of  K. 

It  seems  more  reasonable,  then,  that  the  firm  would 
bargain  for  higher  prices  at  the  outset  of  its  operations, 
so  that  the  inflation  of  K unit  costs  can  be  held  down  to  the 
less  noticeable  37  percent  increase.  Because  this  maneuver 
makes  K*  purchases  unnecessary  and  undesirable,  the  constraint 
curve  retains  the  tear  shape  of  Figure  2.7  instead  of  acquiring 
the  heart  shape  of  Figure  2.8.  Because  each  K unit  increases 
in  nominal  value  by  37  percent,  the  slope  of  the  constraint 
plant  increases  by  37  percent.  At  the  same  time,  the  profit 
hill  is  diminished  at  each  level  of  K by  37  percent  of  the 
value  (at  initial  prices)  of  K employed.  The  resulting  con- 
straint curve  lies  inside  that  shown  in  Figure  2.7  and  exhi- 
bits its  position  at  point  A. 

Alternative  Solution  with  Zajac's  Procedure 

The  model  being  used  here  for  the  contrast  of  the  Zajac 
and  Westfield  results  differs  from  the  Zajac  model  in  only 
one  important  regard  (other  than  the  use  of  positively  sloped 
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isoquants) : both  K and  K*  are  measured  on  the  abscissa. 

Because  of  this  slight  modification,  a determinate  solution 
can  be  resolved  on  the  two-dimensional  K,L  plane  even  when 
the  firm  acquires  K*  units.  In  the  unmodified  Zajac  model, 
however,  the  introduction  of  inoperative  K*  purchases  creates 
expositional  problems.  Zajac  is  forced  out  of  his  simple 
two-dimensional  model  into  a cumbersome,  verbal  comparison 
of  two  three-dimensional  models.  Even  though  Zajac' s approach 
to  the  rate  base  padding  issue  is  more  difficult  to  follow, 
it  will  be  used  here  to  demonstrate  that  the  results  obtained 
above  are  valid  regardless  of  the  theoretical  apparatus 
employed.  However,  instead  of  comparing  two  three-dimensional 
models,  the  present  analysis  uses  a simple  two-dimensional 
graph  that  measures  only  K — not  K and  K* — on  the  abscissa. 

In  this  way  the  figure  will  be  consistent  with  Zajac' s model 
while  simpler  in  form. 

Westfield  results  with  useless  capital 

Accordingly,  the  Zajac  approach  to  the  issue  is  taken  in 
Figure  2.9(a).  The  abscissa  measures  only  physical  units 
of  productive  capital,  and  the  ordinate  measures  profit  in 
units  that  each  have  a value  equal  to  one  unit  of  capital. 
Consequently,  the  20  percent  slope  of  constraint  line  OBB'B" 
means  that  F exceeds  i by  20  percent  of  K.  The  figure  rep- 
resents a vertical  slice  through  Zajac' s Figure  2.4,  so 
the  negatively  sloped  portion  of  total  profit  curve  OVB  is 
a locus  of  all  feasible  K „ points.  The  intersection  of  the 
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(b)  Effect  of  Price  Conspiracy 


FIGURE  2.9 


JUXTAPOSITIONAL  SOLUTIONS  FOR  RATE  BASE  PADDING 
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profit  and  constraint  curves  occurs  at  position  B,  at  which 
point  the  firm  is  earning  an  acceptable  rate  of  return  (points 
A,  B and  E here  correspond  to  the  identically  labeled  points 
in  Figure  2.8).  The  constrained  profit-maximizer  will  not 
remain  at  position  B.  This  firm  sells  60  of  its  360  K units, 
thus  freeing  30  L units  which  it  also  sells.  This  refund 
is  equivalent  to  the  value  of  120  K*  units,  but  the  firm 
elects  to  purchase  only  110  K*  units  which  inflates  its  cost 
of  300  K units  by  37  percent.  As  a result,  the  constraint 
line  rises  to  the  position  of  the  dashed  line  by  an  amount 
equal  to  (f-i)A(K  + K*)  = AK*/5  = 22  units.  At  the  same  time, 
the  profit  hill--and  therefore  the  profit  line--falls  by 
iAK*.  Since  profit  units  are  valued  as  being  equivalent  to 
K units,  the  profit  line  falls  a full  110  units  to  the  posi- 
tion of  the  dashed  curve.  Equilibrium  is  established  at 
point  E,  where  the  firm’s  profit  is  10  units  greater  than 
its  alternative  position  at  point  B. 

Zajac  results  with  useless  capital 

When  Zajac  manipulates  the  profit  hill  and  constraint 
curve  in  this  same  manner,  he  arrives  at  the  opposite  conclu- 
sion that  profit  falls — not  rises.  This  apparent  inconsistency 

19 

It  is  here  apparent  that  Figure  2.9(a)  has  its  disad- 
vantages, too,  since  the  labor  input  is  not  shown.  When  com- 
pared with  Figure  2.9(a)  and  Zajac 's  Figure  2.4,  the  modified 
Zajac  model  in  Figure  2.8  has  the  two  advantages  of  showing 
the  effect  of  K*  purchases  while  (1)  also  showing  both  in- 
puts and  (2)  avoiding  the  disconcerting  comparison  of  three- 
dimensional  graphs. 
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is  explicable.  In  the  example  used  here,  the  firm's  MPP  is 

k 

negative  for  K levels  exceeding  300  K.  In  Figure  2.9(a) 
this  means  that  profit  line  OVB  will  have  a (negative)  slope 
in  excess  of  unity  throughout  the  relevant  segment  VB . How- 
ever, if  instead  that  segment  has  a slope  equal  to  unity 
(i.e.  , if  MPPj^  — 0 in  the  300  K to  360  K region)  , profit 
curve  OVB  will  produce  the  same  82  profit  units  at  position 
E or  B . In  this  case  (described  in  Westfield  terms  as  a 
horizontal  curve)  , the  firm  is  indifferent  to  K*  purchases 
that  do  not  exceed  110  units.  Finally,  the  profit  curve 
OVB  describes  Zajac's  example  in  which  the  VB"  segment  pos- 
sesses a slope  less  than  unity  (because  MPP  > 0 in  the 
relevant  region) . It  necessarily  follows  that  profit  is  less 

at  point  E than  at  point  B"  and  that  the  firm  will  avoid  K* 

, 20 
purchases . 

Westfield  results  with  price  conspiracy 

It  has  already  been  shown  that  a price  increase  can  yield 
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Zajac's  Figure  2.4  [1970,  p.  125]  is  technically  in- 
correct, because  the  profit  hill  is  drawn  with  such  a steep 
slope  that  it  would  yield  a profit  curve  at  least  as  steep  as 
OVB  in  Figure  2.9(a).  Since  both  axes  are  ungraduated,  Zajac 
rns^y  intend  that  the  unit  value  of  the  profit  axis  far  exceeds 
the  unit  value  of  the  capital  axis.  However,  the  distance  K* 
on  the  abscissa  is  shown  to  slightly  exceed  distance  iK*  on 
the  ordinate,  and  this  is  exactly  the  opposite  of  what  is 
required.  For  the  profit  hill  to  be  correct  as  shown,  distance 
K*  would  have  to  be  at  least  one-third  shorter  than  distance  iK* . 

Consequently,  Zajac's  conclusion  that  the  constrained 
profit  maximum  in  Figure  2.4  will  always  be  greater  than  that 
in  Figure  2.1  [1970,  p.  119]  could  never  be  valid.  This  small 
technical  error  is  easily  avoided  in  Figure  2.9(a)  since  both 
profit  maxima  are  shown  on  the  same  graph. 
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results  equivalent  to  the  purchase  of  useless  capital,  but 
so  far  the  effects  of  a price  increase  on  the  profit  hill 
have  only  been  described  verbally.  However,  these  effects 
can  now  be  conveniently  illustrated  geometrically,  since 
Figure  2.9  lends  itself  well  to  a demonstration  of  price 
conspiracy.  In  Figure  2.9(b),  then,  the  firm  is  assumed  to 
find  price  conspiracy  more  attractive  than  additions  of  use- 
less K*  stock.  If  the  firm  were  myopic,  it  might  purchase 
299  K units  at  the  regular  price  and  then  surreptitiously 
negotiate  a 1100  percent  price  increase  on  the  last  K unit 
purchased.  It  seems  more  realistic  to  suppose,  however,  that 
the  firm  will  negotiate  a less  noticeable  37  percent  price 
increase  on  all  300  K units  that  it  intends  to  buy.  If  the 
firm  is  initially  constrained  by  ray  OB,  the  37  percent  price 
increase  on  capital  units  increases  the  slope  of  OB  by  37 
percent,  swinging  it  upward  to  the  dashed  line  OE . At  the 
same  time,  the  profit  curve  falls  by  37  percent  of  the  value 
of  capital  employed  at  each  level  of  K.  At  a level  of  300  K, 
for  example,  total  profit  will  fall  by  .37  (300)  110  units, 

since  profit  is  measured  in  units  that  are  equal  in  value  to 
K units.  The  firm's  equilibrium  position  at  E in  Figure  2.9(b) 
is  identical  to  its  equilibrium  position  in  Figure  2.9(a), 
so  factor  price  conspiracy  is  shown  to  be  equivalent  to  the 
purchase  of  useless  capital  stock. 

Empirical  Significance  of  the  Padding  Controversy 


From  the  point  of  view  of  its  author  the  Westfield  effect 
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is  considoirsd  to  bs  not  only  a possibls  outcoiriG — but  a piroba~ 

ble  outcome — of  constrained  profit-maximization.  To  this 

effect,  Westfield  concludes  that 

It  is  possible  even  to  contrive  special 
cases  in  which  our  results  will  be  "un- 
likely." However,  we  show  that  without 
first  setting  up  a straw  man,  our  prop- 
ositions are  logical  consequences  of  pro- 
fit-maximization. [p.  442] 

Westfield's  argument  that  the  curve  (Figure  2.6)  will 
inevitably  level  off  is  very  persuasive.  His  two  explanations 
[p.  440]  for  the  existence  of  a negatively  sloped  portion  of 
the  curve  — if  not  convincing — are  logically  defensible. 
However,  his  work  is  purely  theoretical  and  offers  no  compel- 
ling evidence  that  the  curve  will  descend  (if  at  all) 
within  a range  of  capital  employment  that  is  relevant  to  actual, 
regulated  firms.  It  is  difficult  to  understand,  therefore, 
way  Westfield  regards  his  own  results  as  representative  of 
reality,  while  he  regards  contrary  results  as  contrived 
" special  cases . " 

If  the  Westfield  effect  is  to  be  discovered  empirically,^^ 
it  must  be  found  in  industries  which  exhibit  increasing  returns 
to  scale,  since  these  industries  are  prone  to  regulation.  If 
capital's  intensive  margin  M in  Figure  2.8  has  an  increasingly 


21 

In  addition  to  Zajac,  Bailey  [pp.  192-95]  , Emery  [pp. 
329-36],  Corey  [pp.  358-73],  and  Kendrick  [pp.  136-67]  con- 
sider the  Westfield  hypothesis  empirically  unfounded.  Kahn 
[1971,  pp.  53-54]  takes  no  position  in  his  discussion  of  the 
Westfield  proposition.  Through  casual  empiricism  it  can  be 
noted  that  regulated  firms  are  not  in  the  forefront  in  adopting 
polution  abatement  equipment. 
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steep  slope,  scale  economies  will  expand  the  constraint  curve 
outward  and  move  the  firm's  effective  position  E further 
toward  (or  into)  production  stage  III.  In  this  case  the 
Westfield  effect  should  be  positively  related  to  scale 
economies  and  a high  degree  of  price  elasticity  (since  this 
would  also  enlarge  the  constraint  curve) . Conversely,  if 
the  slope  of  capital's  intensive  margin  M increases  at  a 
decreasing  rate,  the  margin  M will  fall  farther  and  farther 
away  from  the  locus  of  efficient  points  P with  increases  in 
output.  This  situation  means  that  the  likelihood  of  physical 
saturation  occurring  grows  increasingly  smaller  with  increases 
in  output.  This  situation  describes  firms  which  become  more 
capital  intensive  (and  less  labor  intensive)  with  increases 
in  output.  The  existence  of  scale  economies  in  this  case 
could  easily  expand  output  to  high  levels  at  which  capital's 
saturation  point  is  far  removed  from  the  firm's  actual  opera- 
ting position.  Growth  in  the  telephone  industry,  for  example, 
may  encourage  the  replacement  of  local  telephone  operators 
with  specialized  equipment.  This  situation  would  make  the 
Westfield  effect  negatively  related  to  scale  economies  and 
high  levels  of  price  elasticity.  In  summary,  if  regulated 
firms  are  truly  characterized  by  increasing  returns  to  scale 
and  a positive  relationship  between  output  and  capital  inten- 
sity, the  Westfield  effect  is  empirically — not  theoretically — 
problematical.  That  is  to  say,  it  would  be  least  likely 
found  in  the  only  industries  where  it  can  possibly  exist. 
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Nevertheless,  the  Westfield  proposition  cannot  be  summarily 
dismissed  on  theoretical  grounds  (as  Zajac  attempts  to  do),^^ 
even  if  empiricism  reveals  it  to  be  a stranger  in  its  own 
home . 


Following  the  completion  of  this  analysis.  Professor 
Blair  has  brought  to  my  attention  a more  recent  article  by 
Zajac  [1972]  in  which  he  changes  his  original  position,  con- 
cluding that  rate  base  padding  indeed  may  be  profitable  to  the 
regulated  firm.  Zajac  demonstrates  his  new  position  with  a 
graph  that  is  very  similar  to  my  Figure  2.9(a)  above.  As  was 
demonstrated  in  Figure  2.9,  rate  base  padding  through  acqui- 
sition of  useless  capital  or  price  conspiracy  is  effectively 
the  same  thing.  It  is  surprising,  then,  that  the  recent  note 
by  Zajac  [1972]  makes  no  reference  to  the  Westfield  article. 

Regardless  of  Zajac 's  change  of  mind,  confusion  about 
the  efficacy  of  rate  base  padding  continues  to  surface  in 
the _ regulatory  literature.  In  the  autumn  of  1973,  for  example, 
McNicol  [1973,  pp.  433-34n.]  contends  that  the  AJ  effect  can 
be  proved  only  if  (among  other  things)  it  is  assumed  that 
".  . . the  isoquants  are  strictly  convex  to  the  origin." 

Figure  2.7  above  proves  otherwise,  though  I have  chosen  to 
label  the  positively  sloped  (concave)  portion  of  the  iso- 
quants the  "Westfield  effect." 


CHAPTER  3 


OUTPUT  DISTORTIONS  IN  THE  SINGLE-PRODUCT  FIRM 
Introduction  and  Summary 

The  economic  literature  that  has  developed  out  of  the 
original  Averch— Johnson  article  seems  to  be  preoccupied  with 
input  distortions  created  by  the  simple , rate— of —return 
constraint.  With  the  exception  of  Bailey,  Bailey  and  White, 
Kafoglis,  Kahn  [1968],  and  Wein,  the  general  consensus  has 
little  to  say  about  output  distortions,  except  to  point  out 
that  input  distortions  will  raise  average  costs  to  the  firm 
and  reduce  output  below  the  social  optimum.  This  conclusion 
is  reached  by  Zajac,  Bailey  and  Malone,  Baumol  and  Klevorick, 
Westfield,  Sheshinski,  Klevorick  [1966,  1971,  1973],  Wichers , 
and  Takayama.  As  an  example,  Klevorick  [p.  729]  writes  that 
many  papers  in  the  literature  fostered  by  the  AJ  work  "... 
elevate  input  efficiency  from  the  status  of  a means  to  an 
®rid  to  the  status  of  an  end  in  itself.  " It  is  also  interesting 
to  note  that  Baumol  and  Klevorick 's  synthesis  of  this  same 
body  of  regulatory  literature  is  titled  " Input  [emphasis  added] 
Choices  and  Rate— Of-Return  Regulation : An  Overview  of  the 

Discussion."  Moreover,  within  this  review  [p.  168]  the 
authors  reach  the  accepted  conclusion  that  the  AJ  effect  will 
induce  input  distortions  that  in  turn  pull  output  below  the 
socially  optimum  level. 
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It  comes  as  quite  a surprise,  then,  to  find  that  Averch 
and  Johnson  consider  output  distortions  to  be  equally  impor- 
tant as  (and  not  simple  incidental  to)  the  input  distortions 
identified  in  their  original  paper. ^ Placing  both  distortions 
on  an  equal  footing,  A and  J begin  their  article  by  writing 
that  regulatory  bias"  has  two  effects — not  just  one . ^ These 
are 

(1)  The  firm  does  not  equate  marginal  rates  of 
factor  substitution  to  the  ratio  of  factor 
costs;  therefore,  the  firm  operates  ineffi- 
ciently in  the  sense  that  (social)  cost  is 
not  minimized  at  the  output  it  selects, 

(2)  The  firm  has  an  incentive  to  expand  into 
other  regulated  markets,  even  if  it  operates 
at  a (long-run)  loss  in  these  markets;  there- 
fore, it  may  drive  out  other  firms,  or  dis- 
courage their  entry  into  these  other  markets, 
even  though  the  competing  firms  may  be  lower- 
cost  producers,  [p,  1052] 

The  first  of  these  is  the  AJ  effect  on  input  choices.  The 
corresponding  output  influence  is  contractionary  (when  com- 
pared to  the  social  optimum  where  P = MC)  and  is  only  inci- 
dental to  (i,e.,  a result  of)  the  highly  touted  input 


^Even  more  surprising,  A and  J devote  a full  two-thirds 
of  their  article  [pp.  1057-67]  to  a discussion  of  output  dis- 
tortions and  only  a third  of  the  article  to  the  input  model. 
The  latter,  of  course,  is  examined  far  more  rigorously, 
which  no  doubt  explains  why  "AJ  effect"  is  normally  used  in 
reference  to  the  input  distortion  alone. 

2 

Wein  refers  to  the  AJ  effects  (1)  and  (2)  as  proposi- 
tions A and  B.  Contrary  to  its  cursory  treatment  in  the  lit- 
erature, Wein's  discussion  of  the  second  effect  places  it 
above  the  first  in  order  of  importance.  Unlike  the  focus  of 
this  paper,  however,  Wein's  approach  to  the  subject  is  insti- 
tutional rather  than  theoretical.  See  Wein  [pp.  42-43]. 
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distortion.  The  second  is  the  little-recognized  AJ  effect 
on  output  decisions.  Here  the  perverting  influence  will 
expand  output  instead  of  contracting  it. 

Below-MC  pricing  is  the  cause  of  the  expansionary  output 
effect.  The  AJ  analysis  of  this  effect  lacks  analytic  rigor, 
lurgely  institutional  in  approach.  On  the  other 
hand,  Kafoglis  and  Wellisz  explore  below-MC  pricing  (and  the 
resulting  expansionary  output  effect)  within  formal  theoreti- 
cal models.  Consequently,  the  expansionary  output  effect  is 

i^^sritified  with  Kafoglis  and  Wellisz  in  the  same  way  that 
the  literature  has  identified  the  input  effect  with  Averch 
and  Johnson.  Hence  it  will  be  convenient  to  refer  to  the 
effect  on  output  of  below-MC  pricing  as  simply  the  "KW  effect" 
(so  named  after  Kafoglis  and  Wellisz) . Like  the  AJ  (input) 
effect,  the  KW  (output)  effect  produces  a net  loss  of  social 
welfare.  The  allegation  that  below-MC  pricing  can  be  more 
beneficial  than  harmful,  since  it  may  offset  monopolistic 
restriction  of  output,  will  be  shown  to  be  a spurious  claim. 

Chapter  2 identified  the  AJ  input  effect  and  showed 
how  the  Westfield  effect  carries  the  AJ  input  analysis  to 
its  logical  extreme.  The  present  chapter  identifies  the 
output— distorting  counterparts  to  these  two  input-distorting 
influences.  The  first  counterpart  is  the  KW  effect,  which 
will  be  the  principal  concern  of  this  chapter  because  it  has 

3 

This  argument  is  advanced  by  Kahn  [1969,  p.  172  and 
1971,  p.  101] . 
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not  yet  been  given  a comprehensive  examination  in  the  litera- 
ture. The  AJ  contractionary  output  effect  will  receive  little 
attention  here,  because  it  is  incidental  to  the  AJ  input 
effect  and,  as  such,  has  already  received  much  attention  in 
the  literature.  Basically,  the  contractionary  output  effect 
IS  produced  by  cost  increases  attendant  to  the  AJ  input  dis- 
tortion. The  KW  effect,  however,  is  an  output  distortion 
caused  by  below-MC  pricing,  which  can  occur  independently  of 
input  distortions. 

The  second  counterpart  is  the  output  distortion  which 
results  from  the  firm's  use  of  negative  marginal  pricing.  The 
possibility  of  negative  product  prices  (i.e.,  bribes)  for 
favored  customers  or  customer  classes  has  been  overlooked  by 
both  Kafoglis  and  Wellisz.  Moreover,  it  has  been  overlooked 
in  the  rest  of  the  literature  as  well.  In  the  same  way  that 
the  Westfield  effect  carries  the  AJ  effect  to  its  logical 
extreme,  the  analysis  of  negative  marginal  pricing  carries 
the  KW  effect  to  its  logical  extreme. 

Although  the  first  objective  of  this  chapter  is  explora- 
tion of  the  KW  effect,  the  secondary  objective  is  identifi- 
cation of  the  analogous  relationship  between  input  and  output 
distortions.  The  KW  (output)  effect  is  shown  to  be  analogous 
to  the  AJ  (input)  effect,  and  the  influence  of  negative  mar- 
ginal pricing  is  likewise  shown  to  be  analogous  to  the  West- 
field  effect.  Because  of  this  symmetrical  relationship,  the 
effect  of  negative  marginal  pricing  is  expeditiously  referred 
to  here  as  the  "quasi-Westfield  effect."  This  nomenclature 
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calls  attention  to  the  analogous  relationship  between  the 
two  influences,  while  at  the  same  time  acknowledging  that  the 
Westfield  analysis  does  not  actually  encompass  output  distor- 
tions . 

During  the  last  decade,  economists  have  discussed  input 
distortions  at  length.  Because  a clearly  defined  symmetry 
exists  between  input  and  output  distortions  (that  are  induced 
by  simple  rate-of-return  regulation) , it  is  hoped  that  much 
of  the  extensive  input  analysis  can  quickly  be  applied  to 
output  distortions.  As  an  example,  the  dampening  effect 

that  regulatory  lag  has  been  shown  to  have  on  input  distor- 

4 

tions  could  also  be  shown  to  have  a like  effect  on  output 
distortions.  Moreover,  the  mitigating  effect  that  a graduated 
rate  of  return  could  have  on  the  AJ  and  Westfield  effects^ 
would  be  equally  offsetting  to  the  KW  and  quasi-Westfield  ef- 
fects. In  addition,  a tightening  of  the  rate-of-return 
constraint  has  the  same  aggravating  influence  on  output 


4 

The  influence  of  lagged  regulation  on  the  AJ  effect 
was  first  explored  by  Bailey  and  Coleman  [1970] . This  influ- 
ence is  more  recently  examined  by  Klevorick  [1973] . 

^Actually,  the  graduated  rate  of  return  has  been  shown 
to  have  the  same  effect  on  input  distortions  as  a higher  (non- 
graduated)  rate-of-return  ceiling.  The  graduated  rate  was 
proposed  by  Klevorick  [1966]  and  successfully  refuted  by 
Wichers.  Klevorick  [1971]  later  rescinds  his  arguments  that 
once  supported  the  proposal.  For  further  discussion  of  the 
debate,  see  Bailey  and  Coleman  [1970] , Kahn  [1968]  and  Sheshin- 
ski  [p.  178  n. ] . 
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distortions  as  it  does  on  input  distortions.^  Nonetheless, 
the  transfer  of  these  analyses  from  input  to  output  space — 
as  rewarding  a venture  as  it  might  be— is  outside  the  scope 
of  this  thesis.  Instead,  the  primary  purpose  of  this  chap- 
ter is  to  demonstrate  the  output  effects  to  be  at  least  as 
important  as  the  highly  touted  input  effects. 


The  Contractionary  Output  Effect 

The  Averch-Johnson  input  effect  has  been  widely  discussed 
in  the  literature.  Because  this  perverse  effect  on  factor 
combinations  indirectly  contracts  the  firm's  level  of  output, 
the  contractionary  output  effect  is  incidental  to  the  input 
effect.  Consequently,  the  contractionary  output  effect  has 
also  received  a lot  of  attention  in  the  literature,  since  a 
discussion  of  the  one  effect  would  be  incomplete  without  a 
discussion  of  the  other.  The  now-familiar  relationship  be- 
tween these  two  effects  can  be  briefly  summarized. 

Capital  as  a Normal  Factor 

Averch  and  Johnson  [pp.  1056-57]  argue  that  the  input 
distortion  caused  by  the  rate-of-return  constraint  will  have 
a concomitant  effect  on  output.  Using  a graph  similar  to 


4-  4.  aggravating  effect  on  output  distortions  is  demon- 

strated by  Wellisz  [p.  36].  The  worsening  effect  on  input 
distortions  IS  discussed  by  Westfield  [pp.  429-32],  Takayama 
Lpp.  255  60] , Baumol  and  Klevorick  [pp, 

[p.  533] . 


174-75] , and  Scherer 
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Figure  3.1,  which  shows  the  revenue  and  cost  situation 
facing  a regulated  monopoly,  they  reason  that  the  input  dis- 
tortion will  increase  average  costs  from  to  AC2 . The 

production  function  is  here  assumed  to  combine  two  normal 
factors  K and  L in  variable  proportions.  Regulation  is  claimed 
to  have  the  beneficial  effect  of  expanding  production  from 
the  unconstrained  monopoly  level  at  A to  the  constrained  out- 
put level  at  B.  The  socially  desirable  output  level  is  C 
if  the  firm  is  simply  required  to  break-even  (i.e.,  to  equate 
AC  and  AR) . However,  the  optimal  level  is  C,  which  can  be 
achieved  if  the  firm  is  subsidized  or  allowed  use  of  price 
discrimination.  For  simplicity,  output  level  C is  assumed 
to  be  the  regulatory  objective  in  this  case.  Output  C is 
not  reached,  however,  because  the  inefficient  combinations  of 
factors  raises  AC^^  to  AC2  • The  reduction  in  output  from  C' 
to  B,  then,  is  the  contractionary  output  effect. 

Capital  as  an  Inferior  Factor 

Westfield  [p.  430]  was  the  first  to  point  out  that  the 


Figure  3.1  differs  from  the  Averch-Johnson  graph  [p. 
1057]  in  only  one  respect:  the  firm's  allowable  rate  of 

return  is  here  assumed  to  be  included  in  the  average  cost 
curve.  This  assumption  causes  the  firm's  break-even  level 
of  output  to  be  indicated  by  the  intersection  of  the  AC  and 
AR  curves,  rather  than  by  some  point  to  the  left  of  that 
intersection  (the  approach  used  by  A and  J) . Because  the 
graphs  in  this  chapter  are  quite  self-contained,  this  assump- 
tion is  used  to  simplify  exposition.  In  the  rest  of  this 
paper,  however,  graphs  using  AC  are  sometimes  discussed  in 
parallel  with  the  Zajac  model,  so  this  assumption  is  not 
made . 
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FIGURE  3.1 


CONTRACTIONARY  OUTPUT  EFFECT 
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constrained  firm's  output  level  will  not  necessarily  exceed 
the  monopoly  level  at  output  A.  Westfield  makes  the  even 
stronger  argument  that  output  may  be  pushed  below  A to  some 
level  like  B'  by  the  rate-of-return  constraint.  However, 
he  is  careful  to  note  that  a reduction  in  output  from  A to 
B'  would  require  the  unusual  condition  that  capital  be  an 
"inferior"  factor  of  production.  This  situation  would  cause 
ACj^  to  rise  to  AC^,  which  intersects  AR  at  B'. 

A mathematical  explanation  for  the  reduction  in  output 
below  the  monopoly  level  was  independently  developed  by 
Westfield  [p.  430]  and  Baumol  and  Klevorick  [p.  178] . Figure 
3.2  shows  the  graphical  explanation,  which  has  not  yet  appeared 
in  the  literature,  as  a simple  extension  of  the  Zajac  frame- 
work. Capital  is  shown  to  be  a regressive  factor^  in  Figure 
3.2,  causing  the  firm's  expansion  path  to  bend  backward  upon 
itself.  Regulation  encourages  the  firm  to  reduce  its  profit- 
maximizing  output  level  from  to  . If  rays  were  drawn 
from  the  point  of  origin  to  the  tt  and  K positions, 
it  would  be  clear  that  the  former  position  lies  on  the 
steeper  ray.  This  means  that  the  firm's  K/L  ratio  is  smaller 
at  the  higher  output  . When  capital  is  an  inferior  factor, 
then,  the  simple  rate-of-return  constraint  leads  the  firm  to 
curtail  production  while  employing  more  units  of  capital  and 
fewer  units  of  labor.  Although  this  situation  is  theoretically 

8^  . . . 

An  inferior  factor  has  received  the  name  "regressive 
factor  from  Hicks  [pp.  93-96] , because  the  negative  output 
effect  of  the  factor  indicates  a "regression  relation." 
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L 


FIGURE  3.2 


CONTRACTIONARY  OUTPUT  EFFECT  WITH  INFERIOR  FACTOR 
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possible,  casual  empiricism  leads  Westfield  to  agree  with 
Baumol  and  Klevorick  that  it  is  most  improbable. 


The  Expansionary  Output  Effect 

The  simple  rate-of-return  constraint  may  provide  the 
regulated  firm  with  an  incentive  to  sell  a portion  of  its 
output  at  below-MC  prices.  Unless  demand  is  perfectly  in- 
elastic, the  abnormally  low  prices  will  increase  the  quantity 
of  product  that  is  demanded  from  the  firm  and  will  thus  have 
an  expansionary  influence  on  output.  Output  expansion,  in 
turn,  yields  the  desired  growth  of  the  capital  rate  base. 

In  the  absence  of  the  contractionary  and  expansionary  output 
effects,  the  regulated  firm  would  produce  at  the  socially 
optimum  level  of  output.  In  the  presence  of  the  contractionary 
effect  above,  output  would  be  suboptimal.  The  expansionary 
effect,  then,  may  serve  to  return  output  to  the  desired  level 
or  if  the  effect  is  strong  enough — push  output  beyond  the 
socially  optimum  level.  Even  if  the  expansion  only  serves  to 
return  output  to  the  desired  level  (thus  offsetting  the  con- 
traction exactly) , the  expansion  is  undesirable  since  it  can 
be  acquired  only  through  a net  loss  of  consumers'  surplus, 
a result  of  below-MC  pricing.  These  observations  will  be 
explained  shortly. 

It  should  be  kept  in  mind  that  the  "expansionary  output 
effect,"  as  it  is  used  here,  refers  only  to  the  influence  on 
production  of  below-MC  pricing.  The  effect  does  not  include 
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the  influence  of  price  reductions  from  the  monopoly  level 
down  to  the  competitive  level  (where  P = MC) . This  would  be 
a desirable  outcome  of  regulation.  Moreover,  the  effect  does 
not  include  the  influence  of  below-AC  discriminatory  pricing 
that  IS  needed  to  allow  the  firm  to  break-even,  as  long  as 
all  prices  are  equal  to  or  greater  than  MC . In  this  way  the 
expansionary  output  effect  is  defined  to  encompass  only 
those  influences  resulting  from  below-MC  pricing.  Even 
within  this  narrow  definition,  however,  the  effect  can  be  sub- 
divided into  two  influences,  one  which  results  from  (below- 
MC)  positive  pricing  and  a second  which  results  from  (below- 
MC)  negative  pricing.  An  explanation  of  these  two  expansionary 
output  effects  will  now  be  offered. 

Expansion  with  Positive  Marginal  Pricing 

The  first  analysis  of  the  expansionary  output  effect  of 
positive,  below-MC  pricing  by  the  constrained  firm  appears 
in  the  original  Averch  and  Johnson  article  [pp.  1057-67]. 

AJ  and  below-MC  pricing 

The  economic  theory  which  Averch  and  Johnson  employ  in 
their  discussion  of  the  expansionary  output  distortion  is 
simple  and  not  well-developed.  Within  the  framework  of 
Figure  3.1  above,  A and  J argue  that  the  constrained  firm 
may  not  be  satisfied  to  produce  output  B.  Instead,  the  firm 
has  an  incentive  to  enter  marginal  markets  that  would  be 
unprofitable  to  the  unconstrained  firm. 


If  the  monopolist 
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operates  in  two  regulated  markets,  for  example,  and  if  the 
rate  of  return  is  averaged  over  both  markets  taken  together, 
the  firm  may  operate  at  point  A in  Figure  3.1.  The  ensuing 
monopoly  profits  could  then  be  used  to  finance  expansion  into 
the  second  market  at  a price  below  marginal  cost.  The  regu- 
lated firm  can  sustain  long-run  losses  in  the  second  market, 
because  its  combined  profits  are  at  an  allowable  level.  More- 
over, the  second  market  provides  further  expansion  of  the 

firm  s capital  rate  base,  which  justifies  a higher  profit 
level . 

Averch  and  Johnson  argue  that  the  result  of  this  third- 
degree  price  discrimination  is  the  reduction  of  output  in  the 
first  market--perhaps  a decrease  to  the  monopoly  level — and 
an  expansion  of  output  in  the  second,  more  price-elastic  market. 
Unfortunately,  A and  J fail  to  say  that  the  effect  is  on  the 
combined  output  of  both  markets  taken  together.^  For  this 
reason,  it  is  not  made  clear  whether  the  firm's  total  output 
will  exceed  or  fall  short  of  the  socially  optimal  level.  Be- 
cause the  firm  is  now  assumed  to  use  third-degree  price  dis- 
crimination, which  makes  it  possible  for  the  firm  to  equate 
marginal  price  and  marginal  cost  in  Figure  3.1,  the  Pareto- 
optimum  level  of  output  shall  be  here  identified  as  C instead 


The  optimum  level  of  total  output  is  only  meaningful, 
of  course,  as  long  as  the  same  product  is  sold  in  both  markets. 
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of  C.  In  the  presence  of  the  input  distortion,  however, 
the  socially  desirable  (second-best)  level  is  output  B in- 
stead of  C.  The  important  point  being  made  here  is  this:  a 

return  to  optimal  level  C is  socially  desirable  only  if  the 
AJ  input  effect  is  eliminated,  which  would  return  average 
costs  from  AC2  to  the  efficient  level  at  AC^.  It  should  be 
noted,  however,  that  this  conclusion  is  implicit  rather  than 
explicit  in  the  AJ  analysis. 

Although  A and  J do  not  actually  conclude  that  the  firm's 
use  of  below-MC  pricing  causes  total  output  to  expand,  this 
conclusion  can  be  deduced  from  their  statement  that  below- 
MC  pricing  in  the  second  market  will  expand  the  firm's  rate 
base.  If  curve  D in  Figure  3.1  is  the  firm's  total  market 
demand,  the  firm  will  sell  output  B using  price  discrimination 
only  to  recover  losses  on  marginal  units  sold  at  marginal  cost. 
However,  if  the  firm  finds  it  profitable  to  subdivide  its 
total  market  into  two  markets,  selling  at  a price  below  MC  in 
the  second  market,  the  combined  output  must  necessarily  in- 
crease above  output  B.  Since  the  firm  can  earn  the  allowable, 
competitive  rate  of  return  at  output  B,  it  would  not  have 


While  output  C is  the  socially  optimum  level  of  produc- 
tion, the  use  of  price  discrimination  violates  the  exchange 
^^fi'^isncy  condition  that  the  MRS  for  any  two  products  must 
be  equal  for  any  consumers  consuming  both.  There  is  appar- 
ently no  practical  solution  to  this  problem.  One  remedy 
would  require  that  the  producer's  loss  at  output  C be  subsi- 
dized by  a lump  sum  tax  rather  than  cross-subsidized  by 
price  discrimination.  However,  any  feasible  tax  would  create 
welfare  losses  of  its  own.  For  a discussion  of  welfare  opti- 
mization, see  Reder  [Chapter  2] . 
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found  below-MC  pricing  in  a submarket  profitable  if  output 
(and  thus  the  rate  base)  were  not  expanded  beyond  B.  The 
use  of  below-MC  pricing,  then,  necessarily  implies  an  expan- 
sionary (total)  output  effect. 

Because  A and  J do  not  clearly  state  that  below-MC 
pricing  will  expand  total  output  beyond  level  B,  it  is  even 
less  clear  whether  this  expansionary  effect  will  be  great 
enough  to  return  total  output  to  the  previously-optimal  level 
at  C.  Actually,  the  price-elasticity  of  demand  may  be  so 
low  in  the  first  market  and  so  high  in  the  second  that  below- 
MC  pricing  in  the  latter  market  pushes  total  output  beyond 
Pareto-optimum  level  C.  The  explanation  of  this  result  will 
be  presented  below  with  the  introduction  of  the  Kafoglis 
analysis.  The  point  to  be  made  here,  however,  is  that  below- 
MC  pricing  is  socially  "detrimental"  because  it  expands  output 
beyond  position  B.  The  contractionary  output  effect  of  the 
input  distortion  is  simply  offset  by  the  expansionary  effect 
of  below-MC  pricing.  The  common  wisdom  that  "two  wrongs 
don't  make  a right"  in  this  context  means  that  two  distor- 
not  better  than  one,  even  when  output  is  returned 
to  Pareto-optimum.  Of  course,  if  output  is  expanded  beyond 
Pareto-optimum,  the  loss  of  social  welfare  is  exacerbated. 
Because  this  conclusion  also  is  not  made  clear  in  the  AJ 
analysis,  confusion  concerning  this  result  subsequently  sur- 
faces in  the  literature . However,  it  is  best  to  postpone 

^^See  Khan  [1968  and  1971] . 
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discussion  of  this  misunderstanding  to  the  end  of  this 
chapter.  It  can  be  concluded  here  that,  even  though  Averch 
and  Johnson  were  the  first  to  identify  the  below-MC  pricing 
distortion  of  output  by  constrained  firms,  their  theoretical 
analysis  of  this  output  distortion  is  not  nearly  as  strong 
as  their  analysis  of  the  input  distortion. 

Wellisz  and  below-MC  pricing 

Like  Averch  and  Johnson,  Wellisz  is  a pioneer  in  the 
identification  of  regulation-induced  input  and  output  dis- 
tortions. The  Wellisz  paper  was  developed  independently 
of  the  AJ  article,  and  the  former  is  preceded  in  print  by 
the  latter  by  only  two  months.  Where  the  AJ  theoretical 
framework  scrutinizes  the  input  distortion  but  only  weakly 
explores  the  output  distortion,  the  Wellisz  analysis — by 
contrast--is  weak  with  respect  to  the  input  distortion  but 
strong  with  respect  to  the  output  distortion.  In  fact,  the 
Wellisz  discussion  of  input  distortions  is  so  weak  that  he 
gives  it  little  attention  and  only  then  when  it  is  discussed 
as  incidental  to  the  output  distortion . 

A and  J had  shown  that  the  constrained  firm  will  use 


Because  the  literature  largely  overlooks  the  importance 
of  the  expansionary  output  distortion,  and  because  Wellisz 
is  mainly  concerned  with  this  output  effect,  his  analysis  is 
generally  relegated  to  footnote  status  in  articles  devoted 
to  the^^AJ  input  effect.  An  exception  is  Kahn's  use  of  the 
term,  "A-J-W  effect"  (so  named  to  include  Wellisz) . Unlike 
most  economists,  however,  Kahn  associates  A and  J quite  equally 
with  both  input  and  output  distortions  (although  it  is  not 
always  clear  which  association  he  intends  at  the  time  he 
uses  "A-J-W  effect").  See  Kahn  [1968  and  1971]. 
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monopolistic  pricing  in  the  first  market  as  long  as  price  in 
the  second  market  does  not  fall  below  MC.  On  the  other  hand, 
Wellisz  uses  a peak-load  pricing  model  which  is  free  of  any 
price  discrimination.  Within  this  framework,  Wellisz  shows 
that  a simple  rate-of-return  constraint  will  induce  the  firm 
to  always  use  monopolistic  pricing  in  its  off-peak  market. 

The  monopoly  profits  on  the  off-peak  sales  can  be  used  to 
finance  the  deficit  on  the  peak-load  sales.  In  this  way  the 
firm  can  drive  its  peak-load  investment  beyond  the  level  at 
which  the  allowable  return  from  peak-load  sales  would  be 
earned . 

If  average  costs  are  constant  or  rising,  this  cross- 
subsidization enables  the  peak-load  customers  to  purchase  the 
firm's  service  (or  product)  at  a price  below  opportunity  costs, 
and  output  is  overexpanded.  If  the  average  cost  curve  declines, 
Wellisz  [p.  41]  argues,  the  price  paid  by  peak-load  customers 
may  be  greater  than,  equal  to,  or  less  than  opportunity  cost, 
depending  upon  the  degree  of  scale  economies.  Regardless  of 
the  shape  of  the  cost  curve,  however,  Wellisz  shows  that  the 
constrained  firm  will  increase  profits  by  setting  off-peak 
prices  at  the  monopolistic  level  and  using  some  of  the  earnings 
to  help  finance  peak-load  costs.  As  a result,  Wellisz  is  able 
to  conclude  that  "while  the  imposition  of  a 'fair-return' 
limitation  favors  the  peak-load  customer,  it  does  not  protect 
the  off-peak,  purchasers  of  service"  [p.  37] 

s use  of  "below— opportunity  cost"  pricing  easily 
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translates  into  the  below-MC  pricing  practice  identified  by 
Averch  and  Johnson.  This  transition  in  terms  can  be  made 
because  the  opportunity  cost  of  servicing  off-peak  customers 
is  short-run  marginal  cost,  and  the  opportunity  cost  of 
servicing  peak-load  customers  is  long-run  marginal  cost 
(which  includes  the  cost  of  capacity  demands) . Although  the 
deleterious  effect  of  below-MC  pricing  is  identified  by  A and 
J within  a third-degree  price  discrimination  model  and  by 

within  a peak— load  pricing  model,  the  strongest  case 
against  below-MC  pricing  is  later  made  by  Kafoglis  within  a 
first-degree  price  discrimination  model. 

Kafoglis  and  below-MC  pricing 

It  may  be  remembered  from  Chapter  2 that  Westfield  carried 
the  AJ  input  analysis  to  its  logical  extreme  by  dropping  the 
AJ  assumption  that  the  MPP^^  be  positive.  In  a similar  way, 
Kafoglis  carries  the  AJ  (expansionary)  output  analysis  to  an 
extreme  by  dropping  the  restriction  that  price  discrimination 
is  only  of  the  third  degree.  Kafoglis  employs  a first— degree 
price  discrimination  model,  which  is  capable  of  defining  the 
outer  limit  of  output  distortion  that  results  from  below- 
MC  pricing.  Actually,  Kafoglis  extends  the  AJ  output  analysis 
only  to  its  "probable"  extreme — not  to  its  logical  extreme — 
as  will  be  shown  later. 

While  important  similarities  exist  between  the  AJ  and 
Kafoglis  studies  of  output  distortion,  an  important  difference 
also  can  be  found.  While  Averch  and  Johnson's  constrained 
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firm  is  a profit-maximizer,  Kafoglis'  firm  is  an  output- 
maximrzer,  whose  objective  is  to  maximize  output  while  earning 
the  fair  rate  of  return.  This  difference  in  objectives  has 
its  most  striking  effect  on  the  two  models  when  the  fair 
rate  of  return  is  set  equal  to  the  market  cost  of  capital. 

This  means  that  the  firm's  profits  are  zero,  so  that  the  AJ 
model— unlike  the  Kafoglis  model— would  be  unable  to  yield 
a determinate  solution  ^ (unless,  of  course,  a secondary 
objective  were  added) . However,  when  the  rate-of-return 
constraint  exceeds  the  cost  of  capital  but  is  low  enough 
to  be  restrictive,  the  Kafoglis  model  can  easily  be  used  to 
extend  the  AJ  output  analysis.  The  output-maximizing  objec- 
tive need  only  be  replaced  by  profit-maximization.  In  this 
way,  the  ill  effects  of  below-MC  pricing  on  output  can  be 
explored  within  the  theoretical  framework  developed  by 
Kafoglis . 

Average  revenue  without  price  discrimination. — Before 
applying  the  Kafoglis  analysis  to  the  behavior  of  A and  J's 
constrained  profit-maximizer,  it  will  be  helpful  to  briefly 
examine  the  firm's  average  revenue  curve  while  the  complica- 
tions of  price  discrimination  are  still  absent.  A linear 
demand  curve,  line  ABCD,  is  derived  for  a single-market  firm 
in  Figure  3.3.  Goods  X and  Y are  substitutes  for  each  other. 


13 

Averch  and  Johnson  [p.  1055]  recognized  that  their 
model  would  be  indeterminate  in  this  situation.  For  a more 
recent  discussion  of  the  problem,  see  Baumol  and  Klevorick 
[p.  174] . 


73 


(a)  Price  Consumption  Curve 


FIGURE  3,3 


DERIVATION  OF  THE  FIRM'S  DEMAND  CURVE 
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The  price  is  determined  exogenously  for  unregulated  product 
Y but  endogenously  for  regulated  good  X.  Budget  line  ax^ 
shows  the  alternative  combinations  of  X and  Y that  the  consumer 
community  can  buy  when  the  price  of  X is  in  Figure  3.3(b). 

At  this  price  the  quantity  demanded  of  X is  zero,  which  means 
that  the  budget  line  is  tangent  to  the  community  indifference 
curve  (not  shown)  at  point  a in  Figure  3.3(a).  Budget  line 
ax^  shows  the  alternative  combinations  of  X and  Y when  the 

price  of  X is  and  budget  line  acd ' corresponds  to  a zero 

price  of  X. 

The  product  demand  curve  is  derived  from  the  community's 
price  consumption  curve  abed' . The  elastic  portion  AB  of 
the  demand  curve,  for  example,  is  derived  from  the  negatively 
sloped  section  ab  of  the  PCC.  Similarly,  the  inelastic  seg- 
ment BC  of  the  demand  curve  is  obtained  from  the  positively 
sloped  portion  be  of  the  PCC.  Finally,  the  community  indif- 
ference curve  is  assumed  to  be  tangent  to  budget  line  acd' 
throughout  the  infinitely  long  segment  cd ' of  the  PCC.  The 
infinitely  long  segment  CD'  of  the  demand  curve  is  derived, 
in  turn,  from  segment  cd'  of  the  PCC.  If  the  regulated  firm 
does  not  use  price  discrimination  (and  is  not  subsidized) , 
it  will  operate  at  that  level  of  output  where  its  downward 
sloping  AC  curve  intersects  the  AR  curve. 

Average  revenue  with  price  discrimination. — There  is  no 
reason,  however,  why  price  discrimination  will  not  be  employed, 
since  it  is  not  proscribed  by  simple  rate-of-return  regula- 
tion and  since  it  is  clearly  profitable  to  the  constrained 
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firm.  This  is  the  main  point  made  by  Averch  and  Johnson  in 
their  discussion  of  output  distortions  by  the  multimarket 
utility.  Kafoglis  is  the  first  to  carry  this  reasoning  to 
its  "probable"  extreme  and  the  first  to  present  the  argument 
within  a single-market  framework.  His  approach  can  be  ex- 
plained using  Figure  3.4,  though  the  Kafoglis  model  actually 

14 

employs  total  instead  of  average  cost  and  revenue  curves. 

Without  price  discrimination,  the  constrained  firm 
would  produce  units  of  X,  the  level  at  which  AC  equals 
demand.  At  this  point,  D would  still  represent  the  AR  curve. 
With  the  use  of  first-degree  price  discrimination,  however, 
the  firm's  AR  curve  swings  outward  from  curve  Pq^  to  a new 
position  at  Pq^.  The  demand  curve,  remaining  stationary,  is 
now  the  MR  curve.  The  firm  breaks  even,  earning  its  allowed, 
competitive  rate-of-return  at  output  Production  units 

0 to  qQ  are  sold  at  prices  above  AC  and  MC  and  production  units 
Pq  to  are  sold  at  prices  below  AC  and  MC.  The  expansionary 
output  effect  in  this  less  successful  case  would  be  distance 

^o^r 

Expansion  with  Negative  Marginal  Pricing 

It  was  shown  in  Chapter  2 that  Westfield  carries  the 
AJ  input  analysis  to  its  logical  extreme.  It  remains  to  be 
shown  here,  however,  that  Kafoglis  (using  a different 

14 

Although  the  average  curves  do  not  appear  in  his  arti- 
cle, their  use  was  suggested  to  me  during  a class  lecture  by 
Kafoglis . 
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Price 


Prize 

(Negative  .Price) 


FIGURE  3.4 


BREAK-EVEN  SOLUTION  WITH  PRICE  DISCRIMINATION 
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maximand)  carries  the  AJ,  below-MC  pricing  argument  only  to 
its  "probable"  extreme.  Had  Kafoglis  actually  carried  the 
output  analysis  to  its  logical  extreme,  he  would  have  con- 
sidered the  possibility  that  the  constrained,  price-discrim- 
inating firm  not  only  employs  below-MC  pricing — but  below- 
zero  pricing  as  well.  When  carried  to  this  (perhaps,  im- 
probable) extreme,  the  argument  that  simple  rate-of-return 
regulation  can  induce  an  expansionary  output  distortion  is 
strengthened  considerably. 

It  is  reasonable  that  Kafoglis  would  ignore  the  nega- 
tive marginal  pricing  possibility  if  he  were  implicitly  as- 
suming that  the  demand  curve  in  Figure  3.4  intersects  points 
P/  ^2'  ^4'  *35  • While  it  is  true  that  this  assumption 

would  effectively  eliminate  the  possibility  of  negative 
pricing,  it  would  require  that  the  TR  curve  be  horizontal 
for  all  outputs  above  . However,  the  Kafoglis  model  [p. 

588]  shows  the  TR  curve  (which  is  produced  by  first-degree 
price  discrimination)  to  be  rising,  not  horizontal.  Note 
that  q^  lies  below  the  midpoint  of  the  discriminating  AR 
curve.  Since  Kafoglis  examines  only  the  rising  portion  of 
the  perfectly  discriminating  TR  curve,  he  considers  only 
the  upper  half  of  the  AR  curve  shown  in  Figure  3.1.^^  In  this 


15 

As  was  noted  earlier,  Kafoglis'  "Output  of  the  Re- 
strained Firm"  extends  the  AJ  output  analysis  (using  a dif- 
ferent maximand)  in  much  the  same  way  that  Westfield's  "Regu- 
lation and  Conspiracy"  extends  the  AJ  input  analysis.  There 
are  other  similarities  between  these  two  articles,  which 
might  appear  to  be  concerned  with  disparate  concepts,  that 
are  quite  striking.  For  example,  unlike  the  average  cost 
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way,  the  entire  lower  half  of  the  AR  curve  is  overlooked. 

Since  it  is  possible  that  average  cost  is  as  low  as  AC  and 
that  demand  is  represented  by  the  straight  line  Pq^q^q^,  it 
could  be  profitable  for  the  restrained  firm  to  give  production 


and  revenue  functions  used  here  in  Figure  3.4,  total  cost  and 
revenue  functions  are  used  in  both  the  Kafoglis  model  and 
Westfield  model.  Kafoglis'  Figure  2 [p.  588]  is  to  output 
analysis  what  Westfield's  Figure  2 [p.  434]  is  to  input 
analysis . 

Unlike  Westfield's  Figure  2,  however,  Kafoglis'  Figure 
2 contains  a technical  error  that  prevents  the  author  from 
carrying  the  AJ  output  analysis  to  its  logical  extreme.  This 
error  can  be  quickly  identified  with  reference  to  Figure  3.4 
above.  Kafoglis'  Figure  2 uses  total  cost  and  revenue  func- 
tions, but  the  average  cost  and  revenue  functions  in  Figure 
3.4  are  drawn  consistent  with  his  assumptions  of  constant 
cost  and  a linear  demand  curve. 

Kafoglis'  analysis  uses  three  TR  curves.  The  first  TR 
curve,  which  assumes  no  price  discrimination,  and  the  second 
TR  curve,  which  assumes  third-degree  discrimination,  are 
shown  to  be  falling  when  intersecting  the  TC  curve.  In  terms 
of  Figure  3.4,  this  means  that  average  cost  must  be  curve  AC 
which  intersects  D and  AR'  below  their  midpoints.  It 
must  follow,  then,  that  AC  also  intersects  curve  AR  (which 
assumes  the  presence  of  first-degree  price  discrimination) 
below  its  midpoint.  This  means  that  MR  must  be  negative  re- 
gardless of  the  degree  of  price  discrimination  employed  by 
the  firm.  Accordingly,  Kafoglis ' s third  TR  curve,  drawn 
under  the  assumption  of  first-degree  price  discrimination, 
whould  be  descending  like  the  other  two  TR  curves  when  it 
intersects  the  TC  curve.  Unfortunately,  the  third  curve  is 
shown  to  be  rising  at  the  point  of  intersection.  Had  this 
curve  been  shown  to  descend,  as  it  must,  it  would  be  obvious 
that  MR  is  negative  and  (because  D = MR  here)  that  marginal 
prices  are  negative  also. 

In  contrast,  Westfield  builds  his  entire  conspiracy  argu- 
ment upon  his  recognition  that  the  Total  Net  Revenue  Product 
of  Capital  Curve  (Tj^)  might  be  falling  when  it  intersects  the 
Total  Capital  Cost  Curve  (Cj^)  . This  use  of  Tj^  and  C^  in 
factor  distortion  analysis  is  analogous  to  Kafoglis'  use  of 
TR  and  TC  in  his  discussion  of  output  distortions.  Westfield 
[pp.  438-40]  even  acknowledges  that  market  saturation  could 
account  for  the  decline  in  Tj^  as  well  as  physical  saturation, 
but  he  believes  the  former  to  be  much  less  likely  than  the 
latter.  Even  though  Westfield  does  recognize  the  efficacy  of 
negative  MR,  he  does  not  envision  negative  marginal  pricing, 
since  he  does  not  explore  price  discrimination  and  output 
distortions . 
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units  through  away  free  of  charge. 

The  Kafoglis  analysis  can  be  carried  one  important  step 
further  if  the  demand  curve  is  assumed  to  continue  downward 
from  the  first  quadrant  in  Figure  3.4  into  the  fourth  qua- 
drant. In  the  earlier  Figure  3.3,  this  would  mean  that 
demand  is  represented  by  the  straight  line  ABCD,  which  is 

linear  throughout  its  relevant  range.  The  price  consumption 

curve  would  now  become  curve  abed  instead  of  curve  abed' . 

In  Figure  3.3(b),  it  can  be  seen  that  the  firm  must  give  its 
marginal  customers  prizes  (i.e.,  charge  negative  marginal 
prices)  to  force  the  quantity  of  product  demanded  to  exceed 
point  C. 

Returning  to  Figure  3.4,  it  is  evident  that  production 
units  zero  through  q^^  are  sold  at  above-AC  prices.  Units  q^ 

through  q^  are  dumped  onto  the  market  at  below-MC  prices. 

The  g3th  unit  is  given  away  free  of  charge.  And,  finally,  units 
q^  through  q^  are  forced  into  a saturated  market  because  the 
reluctant  customers  are  bribed  with  prizes  worth  as  much  as 
P' . The  negative  marginal  pricing  will  occur  anytime  the 
AC  curve  intersects  the  discriminating  AR  curve  below  its  mid- 
point. As  discrimination  efforts  become  less  successful, 
the  AR  curve  swings  back  toward  its  position  of  coincidence 
with  D.  As  this  happens,  the  critical  lower  portion  of  the 

^^Consequently,  the  demand  curve  is  "prize  inelastic" 
throughout  its  infinite  length  below  the  X axis.  The  prize 
elasticity  coefficient,  which  is  zero  at  point  C,  asympto- 
tically approaches  unity  as  the  value  of  the  prize  increases 
to  infinity. 
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AR  curve  (which  makes  negative  marginal  pricing  possible)  be- 
comes an  increasingly  smaller  proportion  of  the  curve.  When 
this  critical  portion  is  very  small,  the  chance  that  it  will 
be  intersected  by  the  AC  curve  is  greatly  increased  if  the 
AC  curve  is  downward  sloping,  as  would  likely  be  the  case  for 
a regulated  utility.  Negative  marginal  pricing  becomes  more 
likely,  then,  as  second-degree  price  discrimination  approaches 
first-degree  and  as  the  AC  curve  descends  more  rapidly  from 
the  vertical  axis. 

Actually,  the  constrained  firm  would  find  it  more  profit- 
able to  increase  average  costs  (by  substituting  capital  for 
labor)  than  use  negative  marginal  pricing.  If  average  costs 
are  at  AC  in  Figure  3.4,  for  example,  allowable  profits 
would  be  maximized  when  the  firm  raises  curve  AC  to  the 
level  of  curve  AC.  This  result  is  deduced  from  the  Westfield 

analysis  [p.  439] , which  argues  that  market  saturation  will 

17 

cause  the  firm's  curve  to  peak  and  descend.  With  the 
occurrence  of  market  saturation,  the  firm  would  substitute 
capital  for  labor,  driving  up  costs  until  output  is  reduced 
to  the  highest  level  at  which  market  saturation  does  not 
occur.  Should  market  and  physical  saturation  exist  simul- 
taneously, the  firm  would  find  it  profitable  to  purchase  non- 
productive capital  (instead  of  substituting  productive  capital 


^^Westf ield ' s 
explained  earlier 


terminology , 
in  Chapter  2 . 


including  the  "T  curve, 

J\ 


are 
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for  labor) . The  acquisition  of  useless  capital  would 
raise  average  costs,  causing  output  to  fall  until  output 
markets  just  cease  to  be  saturated.  Westfield  is  thus  able 
to  conclude  that  "the  firm  will  dodge  market  saturation  so 
that  physical  saturation  will  occur  first"  [Westfield,  p. 

429]  . 

An  important  point  in  Westfield's  argument  is  that 
simple  rate-of-return  regulation  cannot  alone  force  the  firm 
to  operate  on  the  inelastic  portion  of  its  demand  curve. 

If  the  firm  finds  its  average  cost  curve  to  intersect  the 
inelastic  region  of  its  demand  curve,  it  will  simply  raise 
the  average  cost  curve  (by  acquiring  capital)  until  it  inter- 

19 

sects  the  demand  curve  at  the  point  of  unit  price  elasticity. 
This  means  that  the  firm  would  be  found  operating  on  the 
inelastic  portion  of  its  demand  curve  only  if  (1)  market 
saturation  occurs  and  (2)  regulators  can  effectively  police 
the  firm's  operations  to  prevent  it  from  inefficiently 
raising  its  average  costs  (by  means  of  capital  acquisition) . 
Negative  marginal  pricing,  then,  will  occur  only  when  these 
two  unlikely  circumstances  are  both  found  to  exist.  Even 


Alternatively,  the  firm  could  conspire  with  its  capi- 
tal supplier  to  raise  the  cost  of  productive  capital.  This 
is  effectively  the  same  thing  as  purchasing  useless  capital. 

19 

Although  Westfield's  proof  is  informal,  Bailey  [p.  107] 
presents  a mathetical  proof  that  the  firm  constrained  only  by 
rate-of-return  regulation  will  not  operate  on  the  inelastic 
portion  of  its  demand  curve. 
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though  the  firm's  average  total  cost  curve  is  not  likely  to 
intersect  the  inelastic  portion  of  its  demand  curve  in  reality, 
this  improbable  situation  is  commonly  assumed  in  the  theoreti- 
cal models  of  economic  literature.  Within  the  field  of 
regulatory  economics  alone,  the  average  total  cost  curve  is 
shown  to  intersect  the  inelastic  portion  of  the  demand  curve 
in  models  used  by  Averch  and  Johnson  [p.  1057,  Figure  2], 

Bailey  and  White  [pp.  9,15,18  and  27,  Figures  1-4],  Kafoglis^^ 
[p.  584,  Figure  1],  and  McNicol^^  [p.  435,  Figure  3].  Within 
the  context  of  these  theoretical  models,  at  least,  negative 
marginal  pricing  is  a viable  policy  of  the  constrained  firm. 
This  possibility  should  no  longer  go  unrecognized. 

Negative  marginal  pricing  has  thus  far  been  described 
as  a logical--though  improbable — extension  of  the  AJ  analysis 
of  output  distortion.  Even  though  it  may  appear  to  be  an 
improbable  situation,  one  can  still  wonder  what  the  price 
effects  are  of  promotional  prizes  like  free  internal  wiring 
for  gold  medalion  homes  and  free  gas  lamps  for  natural  gas 
consumers.  Whatever  its  empirical  significance  is  found  to 
be,  the  fact  that  a regulated  firm  could  increase  profits  by 


2 0 

Note  that  AC  intersects  D to  the  right  of  the  inter- 
section of  MR  with  the  horizontal  axis. 
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McNicol's  Figure  3 [p.  435]  can  be  included  in  this 

group  if  he  intends,  as  seems  likely,  that  cost  curve  C rep- 
resents both  marginal  and  average  costs.  This  interpretation 
is  suggested  by  the  graph's  title,  which  includes  the  term, 
"average  cost."  Furthermore,  no  fixed  costs  are  specified 
for  the  model,  which  suggests  that  average  costs  are  intended 
to  equal  the  constant  marginal  costs. 
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dumping  a portion  of  its  output  at  below-zero  prices  cer- 
tainly increases  the  plausibility  that  below-MC  prices  are 
a reality.  The  Averch- Johnson , Wellisz,  and  Kafoglis  dis- 
cussions concerning  below-MC  pricing  may  have  earlier  appeared 
alarmist  and  far  afield.  When  compared  with  the  strange 
results  of  the  present  analysis,  however,  their  more  conser- 
vative warnings  appear  more  realistic  and  closer  to  home 
base.  Simple  rate-of -return  regulation  can  lead  to  serious, 
expansionary  output  distortions,  indeed. 

Output  Effects  and  Their  Analogs 

A symmetry  can  be  observed  between  the  output  distor- 
tions identified  in  this  chapter  and  the  input  distortions 
reviewed  in  Chapter  2.  This  should  not  be  surprising,  since 
the  use  of  isoquants  in  production  theory  is  simply  an  appli- 
cation of  the  use  of  consumer  indifference  curves.  Three 
analogous  concepts  will  now  be  identified  through  the  compari- 
son of  (1)  isoquants  with  indifference  curves,  (2)  the  expan- 
sion path  with  the  income  consumption  curve,  and  (3)  the 
cost  employment  curve  with  the  price  consumption  curve.  This 
analysis  will  demonstrate  that  the  AJ  input  effect  is  an 
analog  of  the  KW  output  effect  and  that  the  Westfield  input 
distortion  is  an  analog  of  negative  marginal  pricing  (here 
to  be  named  the  "quasi-Westfield  effect"). 
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Isoquants  and  Indifference  Curves 

Because  of  the  input  and  output  distortions,  the  regu- 
lated firm  purchases  too  much  capital  (relative  to  labor)  and 
the  consumer  purchases  too  much  of  product  X (relative  to 
unregulated  product  Y) . The  firm's  purchases  of  capital  are 
distorted,  because  the  effective  cost  of  capital  is  reduced 
by  capital's  "premium,"  the  nonproductive  value  of  capital 
as  a rate  base  and  reducer  of  excess  profits.  Similarly,  the 
consumer's  purchases  are  distorted  because  the  marginal  price 
of  the  product  is  reduced  by  cross-subsidization.  Because 
"capital  premium"  is  an  unfamiliar  term,  it  will  be  explained 
below.  Following  this  explanation,  the  input-distorting  in- 
fluence of  the  capital  premium  will  be  demonstrated  with  iso- 
quants, and  the  output-distorting  effect  of  cross-subsidiza- 
tion will  be  shown  with  indifference  curves.  In  this  way, 
the  distorting  effects  of  the  capital  premium  and  cross-sub- 
sidization will  be  shown  to  be  analogous. 

Isoquants  and  the  capital  premium 

The  firm's  effective  cost  of  capital  is  less  than  the 
market  cost  by  the  amount  of  the  nonproductive  premium  asso- 
ciated with  capital  purchases.  The  input  distortion  caused 
by  this  premium  is  demonstrated  in  Figure  3.5(a).  Points  c, 
d and  e on  the  isoquant  in  Figure  3.5(a)  correspond  exactly 
to  points  X,  A and  B which  were  earlier  identified  on  an 
isoquant  in  Figure  2.7.  This  means  that  point  c must  lie  on 
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(a)  Input  Distortions  by  a Firm 


(b)  Output  Distortions  by  a Buyer 


FIGURE  3.5 


COMPARISON  OF  OUTPUT  AND  INPUT  DISTORTIONS 
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the  expansion  path  (i.e.,  the  locus  of  efficient  points),  if 
the  constrained  firm  is  operating  somewhere  on  the  isoquant 
in  Figure  3.5(a).  If  the  point  of  operation  lies  anywhere 
between  points  c and  d,  the  substitution  effect  between  the 
point  of  operation  and  point  c measures  the  AJ  input  effect. 

If  the  operating  position  lies  anywhere  beyond  point  d (say, 
at  point  e) , the  substitution  effect  cd  measures  the  AJ 
effect  and  the  substitution  effect  de  (in  this  example)  mea- 
sures the  Westfield  effect. 

It  may  be  recalled  that  the  firm  will  operate  at  posi- 
tion c in  Figure  3.5(a)  if  its  market  and  effective  costs 
of  capital  are  the  same.  These  costs  do  differ,  however, 

because  K has  a value  as  a basis  upon  which  profits  can  be 
22 

justified.  If  the  allowed  rate  of  return  on  K is  10  percent, 
for  example,  the  value  of  capital  stock  as  a rate  base  is 
10  percent  of  its  market  cost.  In  Chapter  2 it  was  assumed 
that  K and  L are  both  acquired  in  a competitive  factor  market. 
If  it  were  also  true  that  the  regulated  firm  is  selling  its 
product  X in  a competitive  market,  the  firm  would  purchase 
additional  units  of  K until  the  price  of  K equals  the  value 
of  marginal  product  of  K (VMP^^)  plus  the  marginal  value  of 
the  K rate  base  (MVRB^) . That  is,  the  firm  acquires  K up  to 
the  level  at  which 


22 

Averch  and  Johnson  [p.  1053]  were  the  first  to  show 
that  the  constrained  firm's  "private"  cost  of  capital  is  not 
equal  to  the  market  or  "social"  cost  of  capital. 
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= VMP^  + MVRB^.  (1) 

Capital  can  serve  the  firm  in  three  ways.  First,  it  is 
productive,  and  this  function  of  K is  reflected  in  a positive 
MPPj^,  and  hence,  a positive  VMP^^  (when  P^^  is  positive). 

Second,  the  K rate  base  is  the  basis  upon  which  profits  are 
justified.  Third,  the  K rate  base  is  a means  by  which  excess 
earnings  can  be  reduced.  For  example,  if  it  is  assumed  that 
the  MMPp.  price  is  positive,  that  the  price  of  K is  $5,  and 
that  the  firm's  rate  of  return  is  excessive,  the  MVRB^  can  be 
as  high  as  $4.50.  This  follows  because  the  marginal  unit  of 
K increases  allowable  profits  by  $0.50  and  increases  total 
costs  (i.e.,  reduces  excess  earnings)  by  $5.00.  The  MVRB 

K 

has  two  components,  the  value  of  K in  supporting  profits  and 
the  value  of  K in  reducing  excess  earnings.  If  product  demand 
is  so  great  that  the  firm  must  employ  capital  at  a level  of 
negative  MRP^^,  the  MVRBj^  can  even  exceed  $5.50  (i.e.,  exceed 
110  percent  of  P^^  in  the  above  example)  since  the  negative 
MRP  is  valuable  if  the  firm  is  to  comply  with  its  constraint. 

This  relationship  is  more  easily  seen  with  additional  exam- 
ples. If  the  fiirm  is  operating  at  socially  efficient  point 
c,  the  MVRBj^  is  zero  because  the  firm  is  unconstrained  by 
regulation.  At  point  c,  the  $5  price  of  K equals  the  VMP^^. 

If  the  regulated  firm  operates  at  a position  between  points 
c and  d,  the  VMP^^  must  be  some  value  less  than  $5--say,  $3. 

From  equation  (1)  it  is  clear  that  the  MVRB  must  be  $2, 
because  total  profits  would  exceed  the  allowable  level  by  $2 
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if  the  last  unit  of  K were  acquired  free  of  charge.  Although 
the  market  price  of  K is  $5,  the  firm's  effective  price  of 
K is  only  $3  (i.e.,  the  $5  market  price  less  the  $2  MVRB^) . 

The  firm  equates  the  VMP^^  with  capital's  effective  price 
(P*)--not  capital's  market  price  — to  determine  the  level 

of  capital  stock. 

If  instead  the  firm  were  operating  at  position  d,  the 

MPP  and  VMP  would  both  equal  zero.  The  price  of  K,  in  this 

case,  is  fully  offset  by  the  rWRB  so  that  the  firm's  effec- 

A 

tive  price  of  K is  zero.  When  the  firm's  K position  is 

max  ^ 

at  point  d the  MVRB^  must  be  $5.  On  the  other  hand,  when  K 

K ^ max 

occurs  at  point  e,  the  MVRB^  must  exceed  P^,  (since  the  VMP^ 

A A A 

is  negative)  and  P*  must  be  negative. 

A 

The  above  examples  assume  that  X is  sold  competitively, 
which  will  not  likely  be  the  case  for  a regulated  firm.  Since 
the  demand  curve  for  X will  be  downward  sloping,  the  VMP^.  in 
equation  (1)  must  be  replaced  by  the  MRP^ , yielding 

P„  = MRP^  + MVRB„.  (2) 

A A A 

Because  MR  is  always  less  than  AR,  the  MRP^  is  always  less 

than  the  VMP  . As  a result,  the  MRP  must  be  negative  when 
A A 

the  firm  is  operating  at  point  d,  since  the  VMP  would  be 

zero  at  that  position.  The  MVRB.,  is  greater  than  P at 

A A 

point  d.  In  fact,  the  MVRB^  is  so  great  that  it  exactly  off- 
sets  both  the  cost  of  the  last  unit  of  K and  its  detrimental 
effect  on  MR.  As  a result,  the  effective  price  of  capital 
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can  still  be  said  to  be  zero  at  position  d,  even  though 
MRPj^  is  now  assumed  to  be  negative. 

The  purpose  of  this  discussion  has  been  to  identify  the 
MVRB^  as  the  premium  of  marginal  units  of  K that  induces  the 
firm  to  purchase  K beyond  the  level  at  which  = MRP^.  This 
premium  has  never  been  clearly  identified  in  the  literature. 
Averch  and  Johnson  have  left  the  impression  that  capital's 
only  non-productive  value  is  its  value  as  a basis  for  profits. 
As  has  been  shown  here,  the  capital  rate  base  is  valuable 
for  two  non-productive  reasons:  (1)  it  supports  profits  and 

(2)  it  reduces  unsupported  profits.  This  latter  reason  has 
received  little  attention  in  the  literature , perhaps  because 
its  effect  is  relatively  small  when  the  firm's  K posi- 
tion  is  located  near  the  socially  efficient  point  c.  However, 
when  moves  rightward  along  the  isoquant,  capital's 

value  as  a profit  reducer  increases  continually. 

This  reasoning  is  perhaps  most  apparent  when  is 

located  at  point  d.  If  X is  sold  competitively,  the  firm  will 
be  enticed  to  operate  at  point  d only  if  the  premium  of  the 
marginal  unit  of  K (i.e.,  the  MVRB^)  equals  P^.  so  that  P* 

K.  K i\ 

equals  zero.  If  X is  not  sold  competitively--a  more  realistic 
assumption--the  firm  will  not  operate  at  position  d unless 
the  premium  exceeds  P^  by  an  amount  sufficient  to  offset  the 
negative  MRP^^.  Whether  X is  sold  competitively  or  not,  the 
premium  of  the  incremental  unit  of  K must  exceed  P^.  if  the 
firm  is  found  operating  at  a point  beyond  d (say,  at  e)  . 
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It  may  seem  strange  to  conclude  that  capital  can  be 
valuable  as  a profit-reducer.  Nevertheless,  this  conclusion 
addresses  the  question  "Why  would  a regulated  firm  pay  $5 
for  a unit  of  capital  that  is  worth  only  $3  as  a factor  of 
production  and  only  $.50  as  a profit  base?"  The  answer 
must  be  that  the  unit's  $1.50  value  as  a profit-reducer  en- 
ables the  firm  to  avoid  violation  of  its  constraint.  Now 
that  the  capital  premium  has  been  identified,  a direct  com- 
parison can  be  made  between  its  distorting  influence  and 
that  of  consumer  cross-subsidization. 

Indifference  curves  and  cross-subsidization 

In  the  same  way  that  the  capital  premium  lowers  the 
firm's  effective  price  of  K,  cross-subsidization  (among  con- 
sumers or  consumer  classes)  lowers  the  favored  consumer's 
market  price  of  X.  This  leads  both  firm  and  consumer  to 
purchase  wastefully  large  quantities  of  K and  X,  respectively. 
However,  an  important  difference  between  the  two  distortions 
should  not  be  overlooked.  While  the  regulatory  constraint 
distorts  the  firm's  factor  preference,  leaving  the  market 
price  of  K unchanged,  the  constraint  distorts  the  market 

price  of  X,  leaving  the  consumer's  product  preference  undis- 
23 

turbed.  Of  course,  this  distinction  does  not  mean  that  input 


2 3 

The  firm's  preference  function  for  K and  L can  change 
to  favor  K more  strongly  even  though  the  isoquant  remains  un- 
changed. The  isoquant,  after  all,  is  determined  by  a pro- 
duction function--not  a preference  function. 
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and  output  distortions  are  not  analogous.  It  only  means 
that  they  are  not  identical. 

Personal  indifference  curve. --The  analogous  relationship 
between  input  and  output  distortions  is  demonstrated  in 
Figure  3.5.  Corresponding  to  points  c,  d and  e on  the  iso- 
quant in  Figure  3.5(a)  are  points  C,  D and  E on  an  indivi- 
dual's indifference  curve  in  Figure  3.5(b).  This  individual 
is  assumed  to  be  the  regulated  firm's  marginal  customer,  so 
that  he  is  always  quoted  the  firm's  lowest  price.  The  so- 
cially efficient  quantity  of  X is  demanded  by  the  entire 
community  when  and  the  marginal  price  of  X = MC^^. 

It  is  also  assumed  that  the  X producer  enjoys  scale  economies 
and  that  society  prefers  to  subsidize  its  operations  using 
consumer  class  cross-subsidization  rather  than  government 
subsidization.  The  consumer  in  question  is  a competitive 
buyer,  so  the  firm's  lowest  price  applies  to  all  of  his  pur- 
chases, which  are  a negligible  portion  of  the  community's 
purchases  of  X.  Finally,  it  must  be  assumed  that  good  Y is 
sold  competitively,  so  that  its  price  is  equal  to  its  AC  and 
MC. 

In  the  absence  of  the  AJ  contractionary  output  effect, 
the  regulated  firm  might  equate  the  marginal  price  of  X with 
MC^  so  that  the  marginal  buyer  selects  position  C in  Figure 
3.5(b).  Point  C,  then,  is  the  socially  efficient  point  of 
consumption  and,  as  such,  is  analogous  to  point  c in  Figure 
3.5(a).  If  the  marginal  P^^  is  less  than  MC^^,  the  resulting 
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subsidy  will  lead  the  buyer  to  favor  a lower  marginal  rate 
of  substitution  of  X for  Y,  moving  him  away  from  point  C. 

The  buyer  will  be  found  in  consumer  equilibrium  at  point  D 
only  if  the  marginal  = 0 and  at  position  E only  if  the 
marginal  < 0 . Arc  CD,  then,  can  be  identified  as  the  KW 

effect  and  arc  DE  as  the  quasi-Westfield  effect. 

In  the  absence  of  the  KW  effect,  the  AJ  contractionary 
output  effect  could  lead  the  firm  to  charge  such  a high 
marginal  price  that  the  consumer's  location  might  be  found 
at  points  B,  A or  B'  (as  explained  earlier  with  Figure  3.1). 

If  the  contractionary  effect  is  present,  then,  the  expansionary 
KW  effect  must  be  represented  by  a substitution  effect  greater 
than  CD  if  the  buyer  is  found  to  maximize  satisfaction  at 
point  D.  For  example,  if  the  contractionary  effect  were 
arc  BC  and  the  consumer  were  located  at  point  E,  the  KW  effect 
would  encompass  the  segment  BCD  and  the  quasi-Westfield  effect 
would  include  segment  DE.  Whether  the  AJ  contractionary  out- 
put effect  is  present  or  not,  the  AJ  and  KW  effects  are  shown 
to  be  analogous,  and  the  Westfield  effect  is  revealed  to  be 
the  input  counterpart  to  negative  marginal  pricing  (the 
"quasi-Westfield  effect"). 

Community  indifference  curve. --It  has  been  shown  in 
Figure  3.5(a)  that  the  firm  can  operate  on  the  horizontal 
portion  (point  d)  of  its  isoquant  because  the  capital  premium 
can  fully  offset  the  cost  of  capital  (including  its  price 
and  detrimental  effect  on  TR) . Similarly,  it  has  been  shown 
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in  Figure  3.5(b)  that  the  individual  can  locate  on  the  hori- 
zontal portion  (point  D)  of  his  indifference  curve,  because 
the  cross-subsidy  from  other  consumers  may  fully  pay  his 
bill-  For  the  product  market  as  a whole,  however,  no  subsi- 
dization exists.  Even  though  the  regulated  firm  is  willing 
to  charge  favored  customers  below-MC  prices — or  negative 
prices,  even — it  is  unwilling  to  supply  the  entire  community 
of  consumers  with  a product  having  an  average  price  below 
average  cost.  For  this  reason,  the  relationship  between  the 
community  indifference  curve  and  output  effects  is  dissimilar 
to  that  between  the  personal  indifference  curve  and  output 
effects.  Consequently,  a few  remarks  concerning  the  community 
indifference  curve  are  now  warranted  to  supplement  the  fore- 
going discussion  of  the  personal  indifference  curve. 

Figure  3.6  illustrates  the  effect  of  output  distortions 
on  the  equilibrium  position  of  buyers  located  on  the  community 
indifference  curve.  In  part  (a)  of  the  figure,  buyers  will 
all  be  charged  a high  price  of  if  the  firm  just  covers  AC 
without  use  of  price  discrimination.  In  this  case,  quantity 
demanded  is  and  the  buyers  will  locate  at  position  C on 
the  community  indifference  curve  in  part  (b)  of  the  figure. 

The  community  would  be  better  served,  however,  if  the  firm 
would  use  second-  or  third-degree  price  discrimination, 
charging  prices  as  low  as  — which  equals  MC — to  marginal 

customers.  This  judicious  use  of  discrimination  would  cause 
the  AR  curve  to  separate  from  the  D curve  and  swing  outward 
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(a)  Community  Revenue  Curves 


(b)  Community  Indifference  Curve 


FIGURE  3.6 


COmUNITY  OUTPUT  DISTORTIONS 
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to  the  dashed  position  at  AR' . Accordingly,  the  buyers' 
average  price  would  now  fall  from  to  P^,  causing  an  in- 
crease in  the  consumption  of  X to  the  socially  efficient 
level  X^.  Community  consumer  satisfaction  is  maximized  at 
point  C. 

Even  so,  the  constrained  firm  might  rather  hope  to  maxi- 
mize profits  by  using  first  degree  price  discrimination.  In 
this  situation,  the  AR'  curve  swings  all  the  way  out  to  the 
position  identified  as  the  AR  curve,  and  average  price  falls 
to  P^.  Marginal  price  is  now  “P^ / quantity  demanded  is  X^ , 
and  consumers'  equilibrium  is  now  located  at  point  E.  If, 
instead,  AC  had  intersected  AR  at  the  midpoint  of  the  latter, 
the  marginal  price  would  have  been  zero  and  consumers'  equili- 
brium would  have  been  situated  at  point  D.  Consequently,  this 
analysis  identifies  segment  CD  as  the  KW  effect  and  segment 
DE  as  the  quasi-Westfield  effect. 

If  the  situation  were  complicated  by  the  addition  of  the 
AJ  contractionary  output  effect,  the  cost  curves  would  rise 
and  points  C and  E would  slide  upward  along  the  indifference 
curve.  Of  course,  point  D would  remain  unchanged,  so  the 
potential  KW  effect  would  increase  and  the  quasi-Westfield 
effect  would  diminish.  If  costs  were  increased  sufficiently, 

the  latter  (and  even  the  former)  effect  could  be  eliminated 

4--  1 24 

entirely . 

24^  ... 

In  this  way,  an  increase  in  the  input  distortion  would 

reduce  the  combined  output  distortion.  This  interesting 
trade-off  will  be  more  fully  explained  in  Chapter  4. 
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Expansion  Path  and  Income  Consumption  Curve 

The  analogy  between  output  and  input  distortions  can  be 

strengthened  by  a comparison  of  the  firm's  expansion  path 

with  the  consumer's  income  consumption  curve.  Figure  3.7(a) 

illustrates  the  firm's  expansion  path,  a locus  of  efficient 

points  drawn  under  the  assumption  that  input  prices  are 

given  and  that  product  demand  can  be  at  any  of  many  levels. 

Lying  to  the  right  of  the  expansion  path  is  the  "distorted 

25 

expansion  path,"  which  is  a locus  of  all  the  K points 

max  ^ 

that  would  be  produced  by  variations  in  product  demand.  As 
an  example,  increases  in  demand  could  expand  the  constraint 
curve  CC  outward  to  position  CC ' or  CC".  The  three  alterna- 
tive K „ positions,  in  this  case,  are  the  points  of  inter- 
section  of  isoquant  Q with  constraint  curve  CC , Q'  with  CC ' , 
and  Q"  with  CC" . Although  they  are  not  shown,  ridge  lines 
would  intersect  capital's  intensive  margin  for  output  Q at 
point  m and  capital's  extensive  margin  for  output  Q at  point 
m' . Production  stage  I lies  to  the  left  of  the  ridge  line 
through  point  m' , and  production  stage  III  lies  to  the  right 
of  the  ridge  line  intersecting  point  m.  The  middle  ground, 
of  course,  is  the  "economic"  stage  II.  As  product  demand 
grows,  the  unconstrained  monopoly  follows  the  expansion  path 
outward  and  the  regulated  firm  follows  the  distorted  expansion 

25  . 

This  distorted  expansion  path  is  identified  by  Averch 
and  Johnson  [p.  1053]  as  "expansion  path  2."  In  the  field 
of  international  trade,  Magee  [p.  18]  identifies  a similar 
path  which  he  calls  the  "distorted  efficiency  locus." 
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(a)  Efficiency  Locus  for  Firm 


(b)  Efficiency  Locus  for  Consumer 


FIGURE  3.7 

COMPARISON  OF  FIRM  AND  CONSUMER  EFFICIENCY  LOCI 
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path.  At  any  given  level  of  output,  the  input  distortion 
can  be  measured  as  the  length  and  slope  of  a line  connecting 
the  two  points  of  intersection  of  the  isoquant  with  the  two 
expansion  paths. 

Growth  in  consumer  income  could  easily  account  for  the 
increases  in  product  demand  and  (in  turn)  factor  demand  that 
are  needed  to  produce  the  firm's  two  expansion  paths  (normal 
and  distorted) . Likewise,  an  increase  in  consumer  income 
could  produce  the  two  income  consumption  curves  in  Figure 
3.7(b).  Because  good  Y is  sold  competitively,  the  socially 
efficient  income  consumption  curve  (ICC)  will  be  effective 
only  when  the  average  price  of  X produces  a budget  line  paral- 
lel to  budget  line  ^2X2.  The  proportions  in  which  X and  Y 
are  consumed  will  be  distorted  by  the  regulated  X firm's  use 
of  below-MC  pricing.  Consequently,  a distorted  ICC  is  created 
that  relates  to  the  normal  ICC  in  a manner  analogous  to  the 
way  in  which  the  distorted  expansion  path  relates  to  the 
unconstrained  expansion  path.  The  introduction  of  simple 
rate-of-return  regulation  in  this  example  fosters  below-MC 
pricing  and  induces  consumers  to  relocate  from  positions  on 
the  ICC  to  positions  on  the  distorted  ICC. 

If  indifference  curve  U in  Figure  3.7(b)  reflects  an 
individual's  preference  function,  the  distorted  ICC  may  be 
found  in  "consumption  stage  III,"  which  is  not  unlike  finding 
the  distorted  expansion  path  in  production  stage  III.  For 
a given  level  of  unilityU,  ridge  lines  intersect  points  M and 
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M' , defining  good  X's  intensive  and  extensive  consumption 
margins,  respectively.  Consumption  stage  I is  the  region 
to  the  left  of  X's  extensive  margin,  stage  II  lies  between 
the  ridge  lines,  and  stage  III  occupies  the  area  to  the  right 
of  X's  extensive  margin.  On  the  other  hand,  when  community 
indifference  curves  are  under  consideration  it  is  clear  that 
the  distorted  ICC  will  never  enter  consumption  stage  III. 

The  community  will  not  be  confronted  with  even  below-AC 
prices,  much  less  prizes  or  other  inducements.  For  the  fa- 
vored individual,  however,  stage  III  of  consumption  is  a real 
possibility  that  has  never  been  acknowledged  in  the  regulatory 
or  general  economic  literature.  This  neglect  can  probably 
be  linked  to  a similar  omission  of  negative  marginal  pricing. 
Corresponding  to  the  measure  of  input  effects,  the  measure  of 
output  distortions  is  the  slope  and  length  of  a straight 
line  connecting  the  two  points  of  intersection  of  the  indif- 
ference (iso-utility)  curve  with  the  normal  anddistorted 

2 6 

income  consumption  curves. 


2 6 

The  normal  and  distorted  efficiency  loci  in  parts  (a) 
and  (b)  of  Figure  3.7  will  intersect  one  another  at  some  point. 
In  part  (a) , if  demand  is  reduced  sufficiently  the  area  bounded 
by  the  constraint  curve  will  eventually  be  reduced  to  a single 
Profit-maximizing  point  on  the  firm's  expansion  path.  The 
expansion  paths  of  the  constrained  and  unconstrained  firms 
are  identical  up  to  that  point,  indicating  that  regulation 
is  effective  (and  input  distortions  are  produced)  only  at 
higher  levels  of  output  and  demand.  In  part  (b) , the  normal 
and  distorted  income  consumption  curves  will  also  coincide 
at  low  levels  of  utility  if  price  discrimination  cannot  be 
used  when  consumers  have  small  budgets.  On  the  other  hand, 
if  price  discrimination  is  always  used,  the  distorted  income 
consumption  curve  will  intersect  the  normal  curve  at  the 
point  of  origin. 
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Cost  Employment  and  Price  Consumption  Curves 

Input  and  output  distortions  are  analogous  in  yet  another 
way,  which  shall  now  be  demonstrated  using  Figure  3.8.  In 
part  (a)  of  this  figure,  the  firm  is  confronted  with  isocost 
curve  Cj^  if  regulation  is  so  lax  that  the  firm's  effective 
and  market  costs  of  capital  are  the  same.  The  (effectively) 
unconstrained  firm  will  operate  at  the  profit-maximizing 
position  a on  the  expansion  path.  No  input  distortion  yet 
exists.  However,  as  regulation  becomes  more  and  more  restric- 
tive the  maximum  allowable  rate  of  return  on  capital  diminishes 
continually.  This  causes  the  constraint  curve,  which  ini- 
tially is  only  the  size  of  point  a,  to  expand  outward  so 
that  the  moving  K position  traces  out  curve  abc.  This 

lUd  A 

27 

locus  of  points,  which  heretofore  has  gone  unrecog- 

nized, might  best  be  called  the  "cost  employment  curve," 
since  it  reveals  the  firm's  choice  of  factor  employment  at 
various  effective  costs  of  K. 


Cost  employment  curve 

At  points  a,  b and  c on  the  cost  employment  curve  iso- 
quants Q,  Q'  and  Q"  are  tangent  to  isocosts  and  , 

respectively.  The  cost  employment  curve,  then,  shows  that 


Note  the  difference  between  the  distorted  expansion 
path  and  the  cost  employment  curve:  while  each  is  a locus 

^max  points,  the  former  is  produced  by  variations  in 
final  demand  and  the  latter  by  variations  in  effective  cost 
of  capital.  Furthermore,  the  distorted  expansion  path  is 
terminated  when  K and  L are  both  exhausted,  while  the  cost 
consumption  curve  terminates  when  it  reaches  the  base  of  the 
profit  hill. 
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(a)  Cost  Employment  Curve 


(b)  Price  Consumption  Curve 


FIGURE  3.8 

PRICE  CONSUMPTION  CURVE  AND  ITS  ANALOG 
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stronger  regulation  with  lower  allowable  rates  of  return 
induces  the  firm  to  depart  further  from  the  efficient  expan- 
sion path,  increasing  the  input  distortion.  Ideally,  regu- 
lation would  force  the  firm  to  expand  operations  from  point 
a to  socially  efficient  point  e.  However,  the  AJ  contrac- 
tionary output  effect  serves  to  reduce  the  firm's  efficient 
level  of  output  at  position  e to  output  Q"  at  point  c. 

Because  Q"  would  be  produced  most  efficiently  at  point  d,  it 
is  implied  by  Zajac  [1970,  p.  120]  that  arc  dc  is  the  AJ 
input  effect  at  this  level  of  output.  It  is  apparent  from 
Figure  3.8(a)  that  the  graphical  representation  of  the  AJ 

input  effect  is  simply  a clever  application  of  Hicks'  factor 

2 8 

substitution  effect.  As  regulation  reduces  the  effective 
cost  of  capital,  the  output  effect  moves  the  firm  from  point 
a to  point  d and  the  substitution  effect  relocates  the  firm' s 
point  of  operation  to  position  c. 

The  cost  employment  curve  is  a simple  geometrical  device 
that  can  be  used  to  prove  that  the  closer  the  allowed  rate 
of  return  gets  to  the  market  cost  of  capital  the  greater  is 
the  input  distortion  and  the  larger  is  the  capital  stock. 
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See  Hicks  [Chapters  1 and  2] . 

29 

The  cost  employment  curve  also  quickly  identifies  capi- 
tal as  a normal  or  inferior  factor.  If  capital  is  inferior, 
the  cost  employment  curve  lies  below  isoquant  Q in  Figure 
3.8(a).  This  is  consistent  with  the  earlier  analysis  of  an 
inferior  factor  in  Figure  3.2.  Moreover,  Figures  3.8(a)  and 
3.2  are  the  first  graphs  used  to  explain  the  effects  of  an 
inferior  factor  on  a regulated  firm.  These  results  were  first 
identified  verbally  and  mathematically  by  Westfield  [p.  430] 
and  later  by  Baumol  and  Klevorick  [p.  178] . 
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This  result  is  explained  by  the  firm's  outward  movement  along 
the  cost  employment  curve  as  the  constraint  becomes  increas- 
ingly more  restrictive.  This  conclusion  is  more  fully  ex- 
plained by  Baumol  and  Klevorick  [pp.  174-75]  and  Scherer  [p. 
533],  In  addition,  a rigorous  mathematical  proof  is  offered 
by  Takayama  [pp.  255-60],  Interestingly  enough,  the  only 
previous  geometric  proof  is  Westfield's  rather  unorthodox 
model  [pp.  429-32] . The  cost  employment  curve,  which  explains 
the  result  expeditiously  within  the  context  of  the  familiar 
Zajac  model,  has  apparently  been  overlooked. 

Price  consumption  curve 

The  analog  of  the  cost  employment  curve  in  part  (a)  of 
Figure  3.8  is  the  price  consumption  curve  in  part  (b) . 

The  consumer  (whether  it  be  an  individual  or  the  community) 
is  assumed  to  maximize  satisfaction  at  point  A when  the  mar- 
ginal price  of  X equals  MC  and  the  socially  desirable  quanti- 
ties of  X and  Y are  demanded.  Money  income  and  are  fixed. 
As  the  allowable  rate  of  return  on  capital  is  lowered,  the 
firm  may  find  it  necessary  to  lower  the  marginal  price  of  X 
below  MC  to  eliminate  excessive  earnings.  Below-MC  pricing 
could  have  the  effect  of  swinging  the  isocost  curve  outward 
to  C2  or  C^.  In  this  way,  the  price  consumption  curve  is 
traced  through  points  A,  B and  C.  If  the  buyer  moves  from 
point  A to  C,  the  move  from  A to  D is  the  income  effect  and 
the  move  from  D to  C is  the  substitution  (of  X for  Y)  ef- 
fect, If  the  isoutility  curve  U"  belongs  to  an  individual. 
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substitution  effect  DC  in  Figure  3.8(b)  measures  the  KW 
effect.  If  the  isoutility  curve  U"  is  instead  a community 
indifference  curve,  arc  DC  would  also  include  the  quasi- 
Westfield  effect  if  negative  marginal  pricing  exists.  While 
the  input  and  output  effects  are  isolated  from  one  another 
in  Figure  3.7  and  3.8  to  facilitate  their  comparison,  they 
will  later  be  integrated  in  Chapter  4 to  show  how  the  firm 
combines  all  of  the  distortions  into  a determinate  equili- 
brium solution  for  constrained  profit-maximization. 

A caveat 

A word  of  caution  is  in  order  concerning  Figure  3.8. 

While  the  isocost  curve  tangent  to  Q at  point  a must  be 
steeper  than  the  isocost  curve  tangent  to  Q ' at  point  b or 
Q"  at  point  c,  it  is  most  improbable  that  all  three  isocost 
curves  will  share  the  same  L-axis  intercept.  For  the  sake 
of  simplicity,  this  unique  relationship  was  used  in  both 
graphs  of  Figure  3.8.  If  the  MPP  of  K is  positive  and  if 
final  demand  is  sufficiently  price-elastic,  isocost  C^  could 
have  a vertical  intercept  that  is  higher  or  lower  than  the 
C2  intercept.  Similarly,  the  intercept  of  C2  could  exceed 
that  of  C^  or  fall  short  of  it.  Consequently,  the  Hicks 
expansionary  output  effect^^  could  be  greater  or  smaller  than 
output  Q"  less  output  Q. 

30 

Note  that  the  Hicks  output  effect  (which  is  expansionary, 
given  normal  factors)  is  the  desired  output  effect  of  regu- 
lation. On  the  other  hand,  the  KW  effect  is  undesirable 
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This  word  of  caution  should  not  be  interpreted  to  mean, 
however,  that  cost  employment  and  price  consumption  curves 
are  analogous  for  special  cases  only.  On  the  contrary,  their 
analogous  relationship  can  be  generalized.  As  a point  of 
illustration,  the  output  effect  that  can  separate  the  isocost 
vertical  intercepts  in  Figure  3.8(a)  is  analogous  to  the  in- 
come effect  that  can  separate  the  isocost  vertical  intercepts 
in  Figure  3.8(b) . 

AJ  Distortions  Versus  Monopoly  Restriction 

The  curious  allegation  that  the  input  and  output  distor- 
tions of  regulation  may  actually  be  beneficial  is  sometimes 
encountered  in  the  literature.  No  less  distinguished  an 
economist  than  Kahn  [1971,  p.  59]  contends  that  the  AJ  dis- 
tortions " . . . could  well  be  a more  important  influence  for 

31 

good  than  for  poor  performance."  It  is  Kahn's  argument  that 

"...  [the  AJ  tendency]  could  cause  pro- 
duction to  be  carried  beyond  the  optimal 
point,  where  MC  = AR  . . . . On  the  other 

hand,  this  tendency  could  merely  offset 
undesirable  monopolistic  restriction  of  out- 
put ....  [Kahn,  1971,  p.  101,  n.] 


since  it  can  only  be  produced  by  below-MC  pricing. 

Although  the  Hicks  substitution  effect  is  undesirable 
as  an  input  effect,  it  can  certainly  be  desirable  as  an  output 
effect,  since  one  purpose  of  regulation  may  be  to  increase  the 
output  of  X relative  to  other  goods.  The  Hicks  substitution 
effect  becomes  a detrimental  output  effect  only  when  it  results 
from  below-MC  pricing  of  good  X. 

31 

Kahn  [1971,  p.  101]  actually  uses  this  argument  in 
reference  to  sales  maximization  and  the  AJ  tendency,  both 
of  which  he  believes  may  "...  lead  to  overinvestment  and 
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It  is  rather  unclear  whether  Kahn's  reference  to  the  AJ 
"tendency"  is  meant  to  include  input  as  well  as  output  distor- 
tions. This  confusion  is  of  little  importance,  however,  since 
Kahn's  reasoning  can  be  shown  to  be  specious  regardless  of 
which  distortion  is  under  consideration.  Let  it  first  be 
recognized,  however,  that  regulation  can  have  a beneficial, 
expansionary  output  effect.  The  regulatory  constraint  can 
induce  the  firm  to  equate  marginal  price  with  MC  and  expand 
production  to  the  socially  efficient  level  of  output.  Even 
so,  this  desired  expansion  of  output,  which  does  offset  mono- 
polistic restriction  of  output,  must  be  attributed  to  the 
restraint  itself  and  not  to  the  distortions  induced  by  the 
restraint . 

Undesirable  Input  Effects 

It  should  be  obvious  that  the  AJ  input  distortion  has 
no  socially  desirable  effect  on  output,  since  it  raises 
costs  and  produces  the  AJ  contractionary  effect  on  output. 

This  perverse  influence  serves  to  offset  regulation's  desired 
expansionary  effect  and  to  reinforce  the  monopolistic  re- 
strictive effect  on  output.  Moreover,  it  distorts  the  ratio 
in  which  factors  are  combined,  and  this  result  could  hardly 


overproduction,  with  companies  undertaking  price  reductions 
or  promotional  campaigns  to  produce  additional  sales  the 
value  of  which  to  buyers  is  less  than  the  additional  costs 
that  they  entail."  Although  Kahn's  reasoning  is  specious 
with  regard  to  sales  maximization  also,  it  shall  not  be  ex- 
plored here  because  it  lies  outside  the  scope  of  this  dis- 
cussion . 
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be  considered  desirable  at  any  level  of  output.  As  an  exam- 
ple, even  when  output  is  suboptimal,  the  desired  result  is 
that  more  of  both  factors  be  employed  (efficiently) — not 
that  more  of  only  one  factor  be  employed.  Finally,  these 
undesirable  results  of  the  AJ  input  effect  are  simply  worsened 
by  the  Westfield  effect. 

Undesirable  Output  Effects 

It  should  be  equally  clear  that  the  AJ  expansionary  out- 
put effect  (here  labeled  the  "KW  effect"),  which  results 
from  below-MC  pricing,  cannot  be  socially  desirable  even 

when  it  does  offset  monopolistic  restriction  of  output.  The 

32 

familiar  textbook  argument  states  that  price  reflects 
social  value  of  the  marginal  production  unit  and  that  MC  mea- 
sures social  cost  of  the  marginal  unit.  As  a result,  below- 
MC  pricing  causes  a net  loss  of  social  welfare  on  each  of 
the  units  sold  in  this  manner. 

The  net  effect  of  below-MC  pricing  on  social  welfare 
is  illustrated  in  Figure  3.9.  If  price  discrimination  were 
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Scherer  [p.  522,  ft.  7]  reports  that  MC  pricing  was 
proposed  for  utilities  as  early  as  1844  by  Jules  Dupuit. 

See  "On  the  Measurement  of  the  Utility  of  Public  Works,"  pub- 
lished in  translation  in  International  Economic  Papers,  No.  2 
(London:  1952),  pp.  83-110.  Of  course,  Kahn  [1971,  p.  101] 
is  familiar  with  this  argument,  acknowledging  that  promo- 
tional sales  may  have  a ".  . . value  of  which  to  buyers  is 

less  than  the  additional  costs  that  they  entail."  Nonethe- 
less, he  concludes  later  in  the  text  [1971,  p.  107]  that 
"as  an  offset  to  monopoly,  the  A-J-W  distortion  probably 
does  more  good  than  harm."  As  noted  previously,  Kahn  in- 
cludes Wellisz  in  his  "A-J-W"  abbreviation. 
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FIGURE  3.9 

EFFECT  OF  PRICE  DISCRIMINATION  ON 
CONSUMER  AND  PRODUCER  SURPLUS 
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not  employed,  the  constrained  firm  would  operate  at  point  d, 

where  AC  = AR.  However,  society  would  be  better  served  if 

this  firm  were  to  use  price  discrimination  to  increase  AR 

to  the  dashed  position  at  AR' . This  policy  would  enable  the 

firm  to  operate  at  position  g,  at  which  point  marginal* price 

equals  marginal  cost.  Because  the  cost  curves  are  negatively 
33 

sloped,  the  firm's  movement  from  point  d to  g causes  it  to 
incur  a negative  producer's  surplus  equal  to  area  efg. 
Nevertheless,  this  deficit  can  be  easily  financed  by  cross- 
subsidies taken  from  the  increase  in  consumers'  surplus,  the 
increase  being  equal  to  area  bcde . Because  the  latter  area 
is  clearly  larger  than  the  former,  it  is  evident  that  price 
discrimination  increases  social  welfare  when  the  marginal 
price  is  allowed  to  fall  to  the  level  of  marginal  cost. 

This  result  demonstrates  the  desired  expansionary  effect 
of  regulation,  but  it  should  not  be  misconstrued  to  mean 
that  the  AJ  expansionary  effect  (i.e.,  the  KW  effect)  is 
also  desirable.  For  purposes  of  illustration,  let  it  be 
assumed  that  the  firm's  socially  efficient  point  of  operation 
was  initially  located  at  position  s,  where  marginal  cost  is 
MG'  and  output  is  q^.  Because  of  the  AJ  input  effect. 
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Negatively  sloped  cost  curves  are  used  in  Figure  3.9, 
because  Kahn  [1968,  p.  172]  believes  decreasing  costs  to 
strengthen  his  argument.  That  is,  long-run  decreasing  costs 
are  said  to  increase  the  importance  of  monopoly  power  and 
decrease  the  importance  of  the  AJ  distortions.  Since  Kahn's 
conclusion  is  shown  (below)  to  be  untenable  even  when  cost 
conditions  are  most  favorable  to  his  case,  his  argument  can- 
not be  salvaged  by  constant  or  increasing  cost  assumptions. 
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regulation  is  assumed  to  have  raised  the  cost  curves  to  MC 

and  AC.  If  price  discrimination  is  employed  to  move  the 

firm  from  position  g to  the  initial  social  optimum  at  point 

s,  the  increase  in  consumers'  surplus  (area  abeg)  will  only 

partially  offset  the  decrease  in  consumer's  surplus  (area 

ghs) . Consequently,  social  welfare  suffers  a net  loss  when 

below-MC  pricing  is  used  by  the  firm.  The  AJ  expansionary 

output  effect  is  socially  detrimental,  then,  even  when  it 

only  serves  to  return  production  to  the  socially  optimum 

level  (which  should  be  defined  to  be  efficient  only  in  the 

absence  of  the  cost-raising  input  distortion).  Of  course, 

below-MC  pricing  is  even  more  deleterious  when  it  is  wielded 

to  force  output  beyond  the  socially  efficient  level  (which 

could  easily  be  the  case  if  first-degree  price  discrimina- 
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tion  were  actually  utilized) . 

Kahn  [1968,  pp.  170-73]  counters  this  argument  by  clai- 
ming that  cost  and  demand  uncertainties  could  render  the 
regulatory  commission  powerless  to  force  rate  reductions, 
since  regulation  alone  cannot  force  the  firm  to  probe  demand 
elasticity.  This  presents  no  problem  in  a static  model, 
because  the  firm  is  assumed  to  arrive  at  its  equilibrium 

34 

The  model  in  Figure  3.9  makes  the  rather  extreme  as- 
sumption that  marginal  cost  is  raised  all  the  way  from  MC ' 
to  MC  by  the  AJ  input  distortion.  It  would  be  more  realistic 
to  suppose  the  change  in  MC  to  be  far  less  extreme  and  to 
suppose  the  use  of  price  discrimination  to  fall  short  of  the 
first-degree.  Nonetheless,  the  unique  situation  envisioned 
in  Figure  3.9  greatly  simplifies  the  graphics  without  alter- 
ing the  basic  conclusion  that  below-MC  pricing  is  detrimental 
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position  instantaneously.  Within  a dynamic  framework,  how- 
ever, the  firm  must  be  willing  to  explore  its  cost  and 
revenue  curves.  If  the  firm  has  a tendency  to  underestimate 
either  the  possibility  of  scale  economies  or  the  demand 
elasticity,  the  AJ  effect  is  claimed  to  be  beneficial  to 
society  because  it  moves  the  firm  toward  the  competitive 
level  of  output.  An  examination  of  this  contention  is 
facilitated  by  use  of  Figure  3.9.  Assuming  that  price 
discrimination  is  not  allowed,  the  firm  would  fail  to  explore 
its  demand  elasticity  only  if  it  produces  an  output  smaller 
than  that  associated  with  point  d.  However,  if  this  were 
the  case,  AR  would  exceed  AC  and  it  could  not  be  said  that 
the  commission  is  powerless  to  order  a general  rate  reduc- 
tion. Assuming  that  price  discrimination  is  permitted,  the 
firm  has  a natural  incentive  to  lower  marginal  price  and 
locate  at  position  f,  because  this  expands  the  rate  base  and 
increases  allowable  profits.  If  the  firm  is  so  cautious  that 
it  fails  to  probe  section  deg  of  the  demand  curve  all  the 
way  to  point  g,  it  must  be  admitted  that  the  commission  is 
powerless  to  offset  this  hesitancy.  Even  so,  it  should  be 
recognized  that  the  AJ  distortions  are  also  powerless  to 
effect  a change  in  the  firm' s location  from  point  d to  point 
f.  The  AJ  input  distortion  is  ineffectual  because  it  produces 
a contractionary  influence  on  output  (the  result  of  cost 
increases) . The  AJ  expansionary  output  effect  is  ineffec- 
tual, because  the  firm  need  not  use  below-MC  pricing  to  move 
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from  point  d to  f.  Below-AC  marginal  prices  (that  are  above 
or  equal  to  MC)  are  quite  sufficient.  Finally,  it  can  be 
acknowledged  that  the  AJ  expansionary  output  effect  is  needed 
to  move  the  firm  from  point  f to  position  h (which  is  asso- 
ciated with  the  competitive  level  of  output) . However, 
operation  beyond  point  f is  clearly  undesirable  since  social 
welfare  is  diminished,  as  was  shown  earlier.  Within  the 
static  or  dynamic  framework,  then,  AJ  distortions  cannot  be 
justifiably  defended  as  an  offset  to  the  monopolistic  re- 
striction of  output. 


CHAPTER  4 


INPUT  AND  OUTPUT  DISTORTIONS  IN  THE 
MULTIPLE-PRODUCT  FIRM 

Introduction  and  Summary 

While  the  previous  two  chapters  showed  how  the  constrained 
firm  employs  either  input  or  output  distortions,  the  present 
chapter  explains  how  the  firm  optimally  combines  these  dis- 
tortions to  maximize  profits.  Moreover,  while  the  previous 
analysis  was  confined  to  a study  of  the  single-product  firm, 
the  present  analysis  encompasses  the  more  realistic  case  of 
a multi-product  firm.  The  primary  objective  of  this  chapter, 
then,  is  the  construction  of  a determinate  model  showing  the 
profit-maximizing  combination  of  input  and  output  distortions 
in  the  multiple-product  firm.  Toward  this  end,  a series  of 
increasingly  realistic  (and  therefore  complex)  output  models 
and  input  models^  will  be  derived  from  the  Clemens  and  Zajac 
models,  respectively.  The  relationship  between  these  two 
types  of  models  will  be  examined  to  reveal  the  interdependency 
existing  between  input  and  output  distortions. 


Unlike  other  chapters  in  this  thesis,  the  present  chap- 
ter reverses  the  usual  procedure  of  discussing  input  effects 
before  output  effects.  This  procedure  allows  the  determinate 
model,  which  occupies  input  space,  to  be  developed  without 
interruption  from  the  input  models. 


113 


114 


The  Clemens  model  of  price  discrimination  and  the  multi- 
product firm  will  be  extended  to  make  it  applicable  to  con- 
strained profit-maximization.  Several  output  models  will 
be  developed  as  the  basic  Clemens  model  undergoes  cumulative 
modifications  to  allow  standardization  of  cost  curves,  intro- 
duction of  first-degree  price  discrimination,  and  adjustment 
for  different  capital  intensities.  Three  input  models,  each 
an  extension  of  the  basic  Zajac  framework,  will  be  constructed 
to  show  input  distortions  in  a two-product  firm  under  three 
alternative  conditions:  (1)  production  functions  being  iden- 

tical, (2)  production  functions  being  different  while  each 
has  fixed  factor  proportions,  and  (3)  production  functions 
being  different  while  each  has  variable  factor  proportions. 
Because  the  last  of  these  models  is  indeterminate,  a more 
complex,  fourth  model  is  developed  that  yields  a determinate 
equilibrium  solution.  In  addition,  this  model  will  be  used 
to  identify  the  equilibrium  levels  of  output  for  firms  having 
preference  functions  other  than  profit-maximization. 

In  the  previous  chapter,  the  output  distortions  were 
called  either  KW  or  quasi-Westfield  effects,  depending  upon 
whether  the  below-MC  marginal  pricing  was  positive  or  negative. 
Due  to  the  introduction  of  a two-product  firm  in  this  chapter, 
output  distortions  will  also  be  classified  in  a second  way: 
distortions  in  the  marginal  rates  of  substitution  of  regulated 
products  and  for  unregulated  Y will  be  labelled  "Type 
1";  distortions  in  the  marginal  rates  of  substitution  of  the 


115 


more  K-intensive  X2  for  the  less  K-intensive  X-|^  will  be  re- 
ferred to  as  "Type  2".  This  distinction  is  highly  signifi- 
cant, because  a trade-off  will  be  shown  to  exist  among  the 
input  and  two  output  distortions.  Identification  of  the 
trade-off  yields  this  very  important  conclusion:  because  a 

constrained  multi-product  firm  may  partially  (or,  indeed, 
completely)  substitute  either  the  Type  1 or  Type  2 output 
distortion  for  the  input  distortion,  recognition  of  the  output 
inefficiencies  reduces  the  theoretical  significance  of  the 
AJ  and  Westfield  effects. 

Multi-Product  Models  of  Output  Distortion 
Clemens  Model  of  Price  Discrimination 

Clemens  argues  that  a firm' s use  of  multiple-product 
sales  may  serve  essentially  the  same  purpose  as  the  use  of 
single-market  price  discrimination.  Because  the  latter 
practice  is  illegal,  the  firm  may  choose  instead  to  differ- 
entiate its  single  product  into  multiple  products,  which  can 
be  priced  according  to  demand  elasticity  to  earn  varying 
percentages  of  profit.  In  this  way,  the  firm  will  tend  to 
carry  production  to  the  point  at  which  the  least  profitable 
product  (in  its  product  line)  will  be  priced  nearly  equal  to 
marginal  cost. 

To  obtain  this  result,  Clemens  designs  his  model  as 
follows.  Market  structure  within  each  of  the  firm's  various 
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markets  is  assumed  to  range  from  monopoly  to  nearly  perfect 
competition.  The  firm  starts  out  as  a single-product  produ- 
cer in  a lucrative  monopolistic  market.  Even  though  the 
firm  is  equating  MC  and  MR,  it  finds  that  it  is  only  opera- 
ting at  about  two-thirds  of  plant  capacity.  Because  the 
firm  has  mobile  resources,  it  can  take  advantage  of  the  ex- 
cess capacity  to  produce  a variety  of  products.  The  firm 
will  look  for  new  markets  where  demand  still  exceeds  marginal 
cost,  so  that  it  can  expand  output  and  sales  without  having 
to  lower  price  in  the  initial  market.  Consequently,  the 
firm  is  induced  to  compete  by  invading  new  markets  with  the 
use  of  price  discrimination  (between  market  groups) . With 
this  reasoning,  Clemens  reaches  the  paradoxical  conclusion 
that  price  discrimination  becomes  the  most  common  form  of 
competition. ^ 

The  Clemens  graphical  model  will  be  demonstrated  with 
the  use  of  Figure  4.1,  which  assumes  the  firm  to  be  operating 

3 

in  four  markets.  The  markets  are  invaded  in  the  order  of 
their  profitability.  The  firm  reaches  its  equilibrium  posi- 
tion only  after  it  has  invaded  every  accessible  market  in 
which  marginal  cost  is  less  than  marginal  revenue.  Profit 
maximization  occurs  when  the  firm  distributes  production 

2 

Although  Clemens  [p.  266]  uses  the  term  "competition," 
it  would  more  appropriately  be  called  "rivalry." 

3 

Clemens  [p.  267]  actually  employs  five  markets  in  his 
example.  Theoretically,  at  least,  there  is  no  fixed  limit 
to  the  number  of  markets  that  can  be  invaded. 


in 


FIGURE  il.l 


CLEMENS'  MODEL  OF  PRICE  DISCRIMINATION 
AND  THE  MULTIPLE-PRODUCT  FIRM 
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among  the  four  markets  in  a way  that  equates  marginal  revenue 
in  all  markets  which  in  turn  are  equated  to  marginal  cost  of 
production.  The  EMR  line  is  drawn  to  indicate  a level  of 
equal  marginal  revenue.  Each  market  is  shown  to  have  its 
own  "zero  output  axis,"  from  which  its  average  and  marginal 
revenue  curves  originate.  The  firm's  demand,  then,  is  con- 
sidered to  be  broken  down  into  a series  of  demand  curves, 
and  the  EMR  line  determines  the  firm's  output  in  each  market."^ 

The  MC  curve  is  assumed  to  be  continuous  and,  presumably, 
undisturbed  by  differentiation  of  the  firm's  product.  The 
four  products,  then,  have  common  costs,  while  no  special  costs 
can  be  attributed  to  any  product.  This  means  that  the  MC 
curve  rises--not  because  the  marginal  products  are  more 
costly  than  the  initial  products--but  because  the  plant  opera- 
tions are  less  efficient  as  output  expands. 

The  four  markets  are  ordered  from  left  to  right  in 
accordance  with  their  "chronological  entry."  It  is  further 
assumed  that  markets  are  entered  in  accordance  to  their  profit- 
ability. As  Clemens  states,  these  two  requirements  mean  that 
a firm  will  align  its  markets  according  to  the  following 
three  standards: 


4 

Clemens  [p.  267]  notes  that  if  the  number  of  accessible 
markets  were  assumed  to  be  "certain  and  limited,"  the  EMR 
line  would  need  to  be  derived  by  a method  used  by  Robinson 
[chaps.  15  and  16] . That  is,  an  aggregate  marginal  revenue 
curve  would  be  obtained  by  horizontally  adding  the  various 
marginal  revenue  curves.  The  intersection  of  this  aggregate 
MR  curve  with  the  MC  curve  then  determines  aggregate  output 
and  the  EMR  line's  position. 
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. . . (1)  inversely  according  to  the  elasti- 

city of  demand  in  each  market,  (2)  according 
to  the  margin  of  profit  measured  as  a per- 
centage of  either  standard  direct  costs  of 
price  and  (3)  according  to  price  per  standard 
unit  of  output.  [Clemens,  p.  268] 

This  means  that  the  level  of  the  EMR  line  is  determined  by 
the  intersection  of  the  MC  curve  (for  the  plant)  and  the  MR 
curve  (for  the  last  market  which  the  firm  can  enter  profit- 
ably) . The  marginal  market  will  be  the  market  having  the 
most  elastic  demand,  and  its  price  will  be  established  at  a 
level  that  nearly  equals  MR  and  MC,  If  demand  in  the  mar- 
ginal market  is  less  than  perfectly  elastic,  the  possibility 
that  a profitable  market  is  left  unserved  exists.  Were  this 
the  case,  however,  the  firm  could  not  be  said  to  be  in 
equilibrium. 

It  is  assumed  in  Figure  4.1,  then,  that  no  fifth  market 
exists  which  has  a demand  curve  lying  above  the  EMR  line.  In 
the  event  that  such  a market  should  develop,  the  EMR  line 
would  be  re-established  at  a higher  level,  restricting  pro- 
duction in  each  of  the  existing  four  markets.  If  the  firm 
had  been  operating  near  capacity  so  that  MC  is  rising  rapidly, 
the  new  market  might  raise  the  EMR  line  to  such  an  extent 
that  the  demand  for  an  existing  product  is  "submerged."  In 
this  event,  the  old  product  would  be  dropped  from  the  product 
line . 

Clemens  credits  his  model  with  showing  the  dynamic  means 
by  which  a firm  maximizes  profit  while  invading  markets  ac- 
cording to  their  profitability.  He  also  credits  the  model 
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with  the  ability  to  focus  attention  on  the  marginal  market 
and  on  the  "...  spatial  nature  of  the  total  market  ..." 

[Clemens,  p.  271] . In  addition,  portions  of  the  MC  curve  are 
associated  with  certain  output  blocks,  an  association  which 
he  believes  to  be  consistent  with  the  way  management  thinks. 
Finally,  Clemens'  most  important  conclusion  is  that  the 
model  shows  the  difference  between  price  and  marginal  cost  to 
be  much  smaller  than  is  commonly  recognized  in  the  analysis 
of  single-product  firms. 

Modified  Clemens  Model;  the  Constrained  Firm 

Clemens'  model  of  the  unconstrained,  multiple-product 
firm  provides  a simple  framework  which,  after  three  modifi- 
cations, will  be  used  to  demonstrate  the  two  different  output 
effects  produced  by  regulation.  The  first  modification  is 
the  elimination  of  the  assumption  that  the  products  share 
common  costs.  It  will  be  assumed  instead  that  the  firm's 
products  have  different  and  completely  independent  production 
functions.  The  second  adjustment  will  introduce  the  use  of 
first-degree  price  discrimination  within  markets,  in  addition 
to  the  model's  present  use  of  third-degree  price  discrimina- 
tion among  markets.  Finally,  a third  change  will  allow  the 
separate  production  functions  to  have  different  K/L  ratios, 
even  though  these  ratios  will  still  be  assumed  to  remain 
fixed.  An  explanation  of  why  these  changes  are  needed  and 
what  effects  they  will  have  upon  the  original  model  follows. 
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Standardization  of  cost  curves 

The  Clemens  model  assumes  that  the  firm's  products  share 

common  costs  and  that  none  has  any  special  costs  associated 

with  it.  Presumably,  product  differentiation  is  accomplished 

by  means  of  nearly  costless  devices.  For  example,  the  several 

products  may  be  differentiated  by  color,  advertising  claims, 

or  package  design.  The  assumption  that  all  costs  are  common 

does  not  diminish  the  model's  potential  for  showing  one  type 

5 

of  output  distortion.  However,  the  modified  model  that  de- 
monstrates output  distortions  will  later  be  related  to  the 
model  demonstrating  input  distortions.  The  latter  of  these 
two  models  will  be  greatly  simplified  by  the  assumption  that 
production  functions  are  independent  of  each  other.  Consis- 
tency will  be  maintained,  then,  if  the  eventual  need  for  this 
assumption  is  anticipated  now.  Consequently,  the  first  modi- 
fication to  be  made  of  the  Clemens'  model  is  the  assumption 
that  all  costs  of  the  separate  products  are  special  rather 
than  common . ^ 

When  the  production  functions  are  assumed  to  be  dif- 
ferent from  each  other,  the  marginal  cost  curves  must  be 
standardized  before  the  markets  can  be  aligned  from  left  to 
right  in  the  modified  model.  The  need  for  this  adjustment  is 

^The  common-cost  assumption  does,  however,  preclude  the 
demonstration  of  a second  type  of  output  distortion  (to  be 
identified  later  in  this  chapter) . 

^Joint  costs  also  must  be  ruled  out,  but  Clemens  [p.  266] 
specifically  excludes  these  himself. 
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apparent  in  Figure  4.2(a),  which  shows  the  level  of  marginal 
costs  for  products  1 and  3 to  be  double  that  for  products  2 
and  4.  For  added  simplicity,  average  and  marginal  costs  are 
here  assumed  to  be  constant  for  each  product,  though  this 
assumption  is  not  essential.  Delineation  of  the  output  axes 
is  the  same  for  each  of  the  four  markets  in  Figure  4.2(a) . 

This  means  that  if  one  unit  represents  a pint  of  output  in 
market  1,  one  unit  equals  a pint  in  the  other  three  markets 
also . 

In  this  example,  standardization  of  the  MC  curves  is 
easily  accomplished  by  defining  the  units  in  markets  1 and 
3 to  be  pints  and  the  units  in  markets  2 and  4 to  be  quarts. 
The  MC  of  a quart  is  twice  that  of  a pint,  so  the  MC  curves 
for  products  2 and  4 are  raised  into  alignment  with  the  MC 
curves  for  the  other  two  markets.  Similarly,  a quart  will 
command  the  price  of  two  pints,  so  every  point  on  demand 
curves  D2  and  is  raised  to  a level  that  is  twice  its  orig- 
inal height.  This  adjustment  is  demonstrated  in  part  (b) 
of  Figure  4.2.^  Because  MC  is  now  the  same  for  each  market 
it  is  apparent  in  part  (b)  that  the  four  markets  are  correctly 
alligned  in  order  of  profitability  to  the  firm.  It  is  also 
clear  that  the  equilibrium  levels  of  output  were  correctly 

7 

Note  that  the  output  axes  of  markets  2 and  4 have  been 
recalibrated,  making  the  length  of  a unit  in  part  (b)  twice 
what  it  was  in  part  (a)  for  these  two  markets.  This  recali- 
bration is  not  essential,  since  it  only  serves  to  maintain 
the  horizontal  distances  between  the  vertical  axes  in  part 
(b)  as  they  were  in  part  (a)  . 
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(b)  Heterogeneous  Delineation  of  Output  Axes 


FIGURE  4.2 

STANDARDIZATION  OF  COST  CURVES  FOR  THE 
MULTIPLE-PRODUCT  FIRM. 
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represented  in  part  (a)  of  the  figure.  That  is,  before  the 
adjustment  the  firm  was  electing  to  sell  six  pints  of  product 
2 at  a price  that  was  double  average  cost.  After  the  ad- 
justment, equilibrium  is  undisturbed,  since  output  is  still 
six  pints  (i.e.,  three  quarts)  and  price  is  still  double 
average  cost.  It  follows,  then,  that  standardization  of  the 
cost  curves  enables  the  model  to  encompass  disparate  produc- 
tion functions.^ 

Introduction  of  first-degree  price  discrimination 

It  was  shown  in  Chapter  3 that  the  constrained  firm  has 
a profit  incentive  to  use  first-degree  price  discrimination 
when  producing  only  a single  product.  Likewise,  the  con- 
strained, multiple-product  firm  will  maximize  profits  only 
when  it  uses  first-degree  price  discrimination  within  each 
of  its  separate  product  markets.  In  this  way,  the  firm  uses 
third-degree  discrimination  to  break  up  aggregate  demand  into 
markets  small  enough  that  first-degree  discrimination  can 
be  employed  within  each.  As  a result,  consumer  surplus  is 
fully  extracted  in  one  way  or  the  other. 

When  it  is  assumed  that  the  K/L  ratio  is  the  same  for 
the  production  of  each  product,  the  introduction  of  first- 
degree  price  discrimination  has  a straightforward  effect  on 

0 

The  standardization  is  actually  suggested  by  Clemens, 
who  writes  that  "the  shape  and  level  of  the  marginal  cost 
curve  would  also  be  influenced  by  the  composition  of  the 
standard  units  of  output  and  the  standard  direct  costs  assigned 
to  each  of  the  products"  [Clemens,  p.  270  n.]. 
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the  modified  model.  Each  of  the  four  average  revenue  curves 

in  Figure  4.2(b)  will  swing  outward  until  its  slope  is  re- 
9 

duced  by  half.  Similarly,  each  MR  curve  swings  outward  until 
it  coincides  with  the  corresponding  demand  curve.  The  ef- 
fect on  the  model  is  illustrated  in  Figure  4.3.  Within  each 
market,  MR  now  equals  demand.  In  market  1,  for  example, 
the  former  position  of  the  MR  curve  is  indicated  by  the  dashed 
line  descending  below  its  new  position  at  MR^ . 

The  equilibrium  levels  of  output,  even  though  all  have 
expanded,  are  still  determined  by  the  equal  marginal  revenue 
(EMR)  line.  Note,  however,  that  MR  no  longer  need  be  equal 
to  MC.  The  regulated  firm  in  Figure  4.3  is  earning  such  ex- 
cessive profits  (i.e.,  the  striped  areas)  in  markets  1 and  2 
that  it  is  encouraged  to  expand  output  into  markets  3 and  4. 
This  penetration  of  new  markets  enables  the  firm  to  increase 
its  capital  rate  base,  which  justifies  greater  profits.  Even 
though  the  firm  breaks  even  in  market  3,  its  loss  (i.e., 
the  dotted  area)  in  market  4 serves  to  reduce  earnings  to  an 
acceptable  level.  To  determine  the  equilibrium  levels  of 
output,  the  EMR  line  is  raised  or  lowered  until  the  aggregate 
profit  area  exceeds  the  aggregate  loss  area  by  an  amount 
commensurate  with  the  allowed  rate  of  return. The  modified 

9 

The  effect  of  first-degree  price  discrimination  on  the 
AR  curve  was  explained  earlier  in  Figure  3.4. 

^^After  developing  this  graphical  analysis  in  which  the 
profit  areas  are  offset  by  the  loss  areas,  I have  found  that 
Bailey  and  White  [pp.  16-18]  use  a similar  technique.  Their 
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FIGURE  4.3 


THE  CONSTRAINED,  FlULTIPLE-PRODUCT  FIRFl 
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model  in  Figure  4.3  does  not  specify  the  effect  of  output 
changes  on  the  rate  base.  However,  a determinate  model  which 
does  this  will  be  offered  later  in  this  chapter  when  the 
input  and  output  models  are  integrated. 

Adjustment  for  different  capital  intensities 

Capital  intensity  coefficient. — Because  the  products 
have  independent  production  functions,  it  seems  reasonable 
to  assume  that  capital  intensity  varies  among  the  several 
products,  even  though  the  K/L  ratio  is  fixed^^  for  any  one 
product.  This  assumption  requires  that  the  Clemens  model 
be  modified  in  yet  a third  way,  which  is  illustrated  for  one 
of  the  markets  in  Figure  4.4.  The  K/L  ratio  for  each  product 
can  be  indicated  by  a capital  intensity  coefficient.  The 
most  capital  intensive  product  is  given  a coefficient  of  1. 

The  K/L  ratio  of  this  product  is  the  standard  against  which 
the  ratios  of  all  other  products  are  compared.  Thus,  a 
product  whose  K/L  ratio  is  only  half  that  of  the  reference 
product  receives  a coefficient  of  one-half.  Likewise,  a 
product  which  is  produced  with  labor  alone  has  a coefficient 
of  l/°°  = 0 . 

framework  is  a peak-load  pricing  model,  however,  and  they 
assume  the  cost  curve  to  include  a permitted  return  on  capital. 
The  cost  curves  in  Figure  4.3,  on  the  other  hand,  necessarily 
exclude  the  return  on  capital. 

^^The  model  is  greatly  complicated  when  the  capital 
intensity  of  each  product  is  allowed  to  vary.  Consideration 
of  this  more  interesting  situation,  then,  is  postponed  to 
the  end  of  this  chapter. 
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FIGURE  4.4 


DERIVATION  OF  THE  MARGINAL  ASSESSMENT  CURVE 
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If  the  equilibrium  level  of  MR  is  $20  for  all  products 
in  the  line,  and  if  the  K coefficient  for  the  product  equals 
1,  then  the  equilibrium  output  of  the  product  in  Figure  4.4 
is  Q^.  At  this  level  of  output,  AC  and  MC  (both  equal  to 
$40)  exceed  MR  by  $20.  Because  the  firm's  marginal  loss  is 
$20,  the  firm  is  only  having  to  spend  this  amount  to  acquire 
the  capital  needed  to  produce  that  last  unit  of  output.  The 
market  cost  of  this  amount  of  capital  must  be  greater  than 
$20,  or  the  firm  would  have  simply  elected  to  acquire  nonpro- 
ductive capital  instead  of  expanding  output. 

On  the  other  hand,  the  product  depicted  in  Figure  4.4 
might  be  produced  with  a capital  intensity  coefficient  of 
only  one-half.  As  long  as  MR  exceeds  MC,  output  will  not 
be  affected  by  the  product's  reduced  capital  intensity. 
Whenever  additional  sales  of  a product  increase  total  profits, 
more  will  be  sold  whether  production  requires  the  use  of 
capital  or  not.  When  MR  falls  below  MC,  however,  the  firm 
will  increase  output  only  if  it  is  willing  to  regard  the 
marginal  loss  (i.e.,  MC  less  MR)  as  a necessary  expense  for 
a larger  capital  rate  base.  Because  the  product  in  question 
only  uses  half  as  much  capital  as  the  reference  product,  the 
marginal  loss  that  the  firm  is  willing  to  sustain  for  greater 
output  is  only  half  as  large,  also.  Accordingly,  the  firm 
is  only  willing  to  lose  up  to  $10  per  unit  of  output.  The 
equilibrium  output,  then,  is  Q^,  at  which  level  MC  (still 
equal  to  $30)  exceeds  MR  (now  equal  to  $30)  by  $10. 
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Marginal  assessment  curve. — The  equilibrium  level  of 
output  of  the  K/2  product  is  no  longer  determined  by  the 
marginal  revenue  curve  abcQg . Instead,  it  is  determined  by 
a marginal  assessment  (MA)  curve  abc ' , labeled 
The  MR  and  MAj,^2  curves  coincide  between  points  a and  b, 
because  output  is  unaffected  by  capital  intensity  as  long 
as  MR  exceeds  MC.  Below  point  b,  however,  the  slope  of  the 
MAr/2  curve  is  twice  that  of  the  MR  curve,  reflecting  the 
fact  that  the  K/2  product  is  only  worth  half  as  much  as  the 
reference  product  as  a rate  base  contributor.  Similarly, 
the  K/3  product's  MA  curve  would  be  three  times  as  steep  as 
that  for  the  reference  product  (MAr^^^)  below  point  b.  The 
equilibrium  levels  of  output  in  all  markets  are  now  determined 
by  an  equal  marginal  assessment  line  (EMA)  instead  of  Clemens' 
EMR  line.  This  insures  that  a $1  loss  in  one  market  will 


add  just  as  much  capital  to  the  rate  base  as  a $1  loss  in  any 


12 

Averch  and  Johnson  [pp.  1058-1059]  state  that  the  con- 
strained firm  that  is  making  a profit  in  each  market  will 
equate  MR  and  MC  within  each  market.  More  important,  A and 
J recognize  that  when  the  firm  is  sustaining  losses  in  at 
least  one  market  it  will  not  simply  equate  MR  and  MC  to  deter- 
mine market  prices.  They  argue,  instead,  that  the  firm  will 
seek  " . . .to  equate  the  marginal  value  product  of  capital 

in  both  markets.  . ."  [Averch  and  Johnson,  p.  1059]. 

If  their  term,  "marginal  value  product,"  is  taken  to 
mean  "value  of  marginal  product,"  their  statement  is  incor- 
rect. Because  neither  market  in  their  example  is  perfectly 
competitive,  the  firm  would  strive  to  equate  the  marginal 
revenue  products--not  the  values  of  marginal  products — of 
capital . 

Even  if  "marginal  value  product"  is  interpreted  to  mean 
"marginal  revenue  product,"  the  AJ  statement  would  be  correct 
only  for  products  that  are  all  produced  with  the  same  capital 
intensity  level.  Their  analysis  fails  to  specify  whether  the 
K/L  ratios  of  the  two  products  are  identical  or  not. 
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other  market.  The  EMR  line  is  lowered  until,  as  before,  the 
profit  area  exceeds  the  loss  area  by  an  acceptable  amount. 

Consideration  of  nonproductive  capital. --As  the  EMA 
line  is  lowered,  a level  will  be  reached  eventually  where  the 
firm  will  find  it  more  profitable  to  expand  its  rate  base 
through  the  acquisition  of  nonproductive  capital  than  through 
output  expansion.  The  MA  curve  must  be  altered  if  it  is  to 
accommodate  this  situation.  The  effect  of  the  adjustment  is 
most  easily  explained  (within  the  context  of  Figure  4.4)  when 
the  following  assumptions  are  made:  the  market  price  of 

capital  is  $10  and  the  supplies  of  both  factors  (K  and  L) 
are  perfectly  elastic.  The  price  of  nonproductive  capital 
(K*)  equals  that  of  K.  Finally,  3 units  of  K are  needed 
(when  efficiently  combined  with  L)  to  produce  one  unit  of 
the  reference  product  or  two  units  of  the  K/2  product. 

In  Figure  4.4,  it  is  demonstrated  that  the  firm  will 
not  produce  an  output  greater  than  of  the  reference  product, 
no  matter  how  low  the  EMA  line  is  drawn.  The  MA  curve  for 
the  reference  product  coincides  with  the  MR  curve  throughout 
its  entire  length.  Since  at  output  marginal  loss  equals 
$30  (i.e.,  $40  less  $10)  and  the  marginal  addition  to  capital 
stock  (as  a result  of  a one  unit  increase  in  output)  is  3 
units  of  K,  the  marginal  "expense"  (i.e.,  loss)  for  K by 
means  of  output  expansion  is  $10  per  unit  of  K.  At  this  level 
of  output,  then,  it  would  be  no  more  expensive  for  the  firm 
to  expand  its  rate  base  by  acquiring  nonproductive  K* , which 
commands  a market  price  of  $10.  If  output  were  to  expand 


132 


beyond  , the  firm's  marginal  "expense"  of  K would  exceed 
the  marginal  expense  of  K*,  so  output  of  the  reference  product 
will  clearly  be  restricted  to  by  the  market  cost  of 
capital.  It  follows  that  the  MA  curve  for  the  reference 
product  is  curve  abcQ^,  which  becomes  perfectly  price-inelas- 
tic at  output  . 

In  the  same  way,  the  MA  curve  for  the  K/2  product  can 
be  shown  to  be  perfectly  inelastic  when  the  product's  MA 
is  $10  or  less.  At  output  , the  firm's  marginal  loss  is 
$15  (i.e.,  $40  less  $25).  The  marginal  unit  of  output 
requires  1.5  units  of  K.  At  this  level  of  output,  then,  the 
marginal  "expense"  on  K equals  $10,  which  would  also  be  equal 
to  the  marginal  expense  of  K*  (if  the  firm  were  also  pur- 
chasing nonproductive  capital) . Consequently,  the  MA  curve 
for  the  K/2  product  can  be  represented  by  curve  abc'Q^.  Note 
that  the  MA  curves  for  both  products  (and  all  other  products 

in  the  line)  become  vertical  at  the  same  level  of  marginal 

13 

assessment,  which  equals  $10  in  this  example. 

Equilibrium  levels  of  output. — When  capital  intensity 
is  allowed  to  differ  among  products,  the  equilibrium  levels 
of  output  (and  therefore,  prices)  are  determined  by  the  EMA 
line  which  is  lowered  until  total  profit  reaches  a permis- 
sible level.  The  marginal  assessment  of  output  will  be  the 

13 

To  simplify  Figure  4.4,  the  level  at  which  the  MA 
curves  become  vertical  was  designed  to  equal  the  price  of 
capital.  These  two  values  need  not  be  equal  under  normal 
circumstances . 
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same  in  all  of  the  firm's  markets.  This  situation  is  illus- 
trated in  Figure  4.5,  in  which  it  is  assumed  that  MR  = D 
within  each  of  the  four  markets.  Output  in  the  first  market 
is  produced  with  labor  alone.  Since  the  function 

below  MC  is  obtained  by  dividing  the  MR^  function  by  the  K 
intensity  coefficient,  the  slope  of  the  MA^  curve  for  the  K/“ 
product  is  infinitely  steep  below  the  MC  line  (i.e.,  MR^/0  = °°)  . 
In  market  1,  then,  MA^^  coincides  with  the  MR^  curve  above 
MC  but  is  vertical  below  MC.  The  EMA  line  intersects  this 
vertical  portion  of  the  MA^^  curve  at  an  output  equal  to  the 
distance  between  the  0 and  0^  axes.  The  average  price  being 
charged  for  product  1 is  indicated  by  the  AR^  curve,  and 
profit  is  represented  by  the  striped  area  between  AR^^  and  the 
AC  curve. 

Because  product  2 is  the  reference  good,  the  MR2  and 
MA2  curves  are  identical.  The  equilibrium  levels  of  output 
and  price,  then,  are  determined  here  in  the  same  way  that  they 
were  resolved  in  Figure  4.3,  except  that  the  EMA  line  is  used 
in  place  of  the  EMR  line.  As  before,  profits  are  positive 
and  are  indicated  by  the  striped  area.  In  market  3,  however, 
the  MA^  curve  below  MC  has  a slope  that  is  twice  as  steep  as 
the  MR^  curve,  since  the  K intensity  coefficient  is  one-half. 

The  MA^  curve  intersects  with  the  EMA  line  above  0^,  and 
the  firm  breaks  even  in  this  market.  Nevertheless,  this 
break-even  solution  should  not  be  interpreted  to  mean  that 
total  profits  are  not  increased  by  market  3.  Instead,  it 


134 


FIGURE  4.5 


EQUILIBRIUM  SOLUTION  WITH  FIRST-DEGREE  PRICE  DISCRIMINATION 
AND  DIFFERENT  CAPITAL  INTENSITIES 
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simply  indicates  that  AR^  equals  AC,  a situation  which  would 
still  allow  total  profits  to  be  increased  by  market  3's 
contribution  to  the  rate  base.  Finally,  in  market  4 the 
portion  of  the  MA^  curve  below  MC  has  a slope  equal  to  3/2 
that  of  the  MR^  curve.  The  firm's  loss  in  this  marginal 
market  is  represented  by  the  dotted  area. 

It  is  only  assumed  in  Figure  4.5  that  the  EMA  line  is 
at  the  equilibrium  level,  so  that  the  profit  area  exceeds 
the  loss  area  by  the  maximum  amount  that  can  be  justified 
by  the  rate  base.  This  assiamption  is  necessary  because  Figure 
4.5  cannot  be  itself  provide  an  equilibrium  solution,  since 
it  fails  to  disclose  the  effect  of  output  changes  on  capital 
stock.  The  introduction  of  a static,  determinate,  equilibrium 
solution  must  await  the  development  of  the  Zajac  model  showing 
input  distortions,  which  follows  in  the  remaining  part  of 
this  chapter.  Equilibrium  will  be  determined,  then,  when 
the  relationship  between  the  input  and  output  models  is  as- 
certained . 


Multi-Product  Models  of  Input  Distortion 

In  Chapter  2 the  Zajac  model  was  modified  to  demonstrate 
the  effect  of  rate  base  padding.  This  model  will  be  modified 
here  to  show  the  input  distortions  that  result  from  regula- 
tion of  a multi-product  firm.  In  increasing  order  of  com- 
plexity, three  different  situations  will  be  examined.  The 
first  case  identifies  output  distortions  when  the  firm's 
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production  functions  are  identical,  the  second  when  these 
functions  are  different  from  each  other  but  fixed,  and  the 
third  when  these  functions  are  different  and  variable.  Each 
of  the  three  input-distortion  models  will  be  related  back  to 
the  output-distortion  model  shown  in  Figure  4.5.  The  equi- 
librium solutions  for  the  first  two  static  models  are  deter- 
minate, but  the  solution  for  the  third  remains  indeterminate 
until  the  framework  is  extended  into  a fourth  model  at  the 
end  of  the  chapter. 

Input  Distortions  with  Identical  Production  Functions 

The  input-distortion  model  of  the  multi-product  firm  is 
simplest  when  the  firm's  products  are  assumed  to  have  identi- 
cal production  functions.  For  even  greater  simplicity,  the 
K and  L inputs  are  assumed  to  be  used  in  the  production  of 
only  two  products,  and  X2 . The  resulting  elementary  model 
is  represented  in  Figure  4.6.  The  profit  hill  (not  shown)  is 
derived  from  cost  and  revenue  data  provided  by  two  markets 
similar  to  markets  2 and  4 in  Figure  4.3.  The  efficient  path 
in  Figure  4.6  is  a straight  line,  since  average  costs  were 
earlier  assumed  to  be  constant  (in  the  output  model) . As  the 
EMR  line  is  lowered,  its  intersection  with  the  two  MR  curves 
in  the  output  model  will  identify  the  profit-maximizing  output 
combinations  of  X^^  and  X^  at  each  EMR  level.  When  the  EMR 
line  is  very  high,  for  example,  the  firm  may  choose  to  produce 
Xj^  only.  Conversely,  when  the  EMR  is  low  it  is  conceivable 
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FIGURE  ^.6 

EQUILIBRIUM  WHEN  PRODUCTION  FUNCTIONS 
ARE  IDENTICAL 
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that  X2  would  be  produced  in  a greater  quantity  than  X^.  The 
unique  series  of  output  combinations,  which  are  specified 
by  the  EMR  line  and  MR  curves  in  the  output  model,  determine 
the  isoquant  values  in  the  input  model  (i.e..  Figure  4.6). 

In  this  example,  isoquants  very  near  the  point  of  origin  pos- 
sess positive  Xj^  values  only.  Higher  isoquants  have  positive 
output  levels  for  both  X^^  and  X2  • The  two-product  isoquant 
shown  in  Figure  4.6  represents  an  output  level  of  40  units 
of  X^  and  25  units  of  X2 • Although  they  are  not  shown,  a 
lower  isoquant  curve  might  represent  38  X^  and  24  X2  units, 
while  a higher  curve  could  depict  42  X^^  and  26  X2  units.  Once 
the  isoquant  values  and  the  corresponding  product  prices  are 
derived  from  the  output  model,  the  profit  hill  and  constraint 
curve  can  be  constructed  in  the  input  model  of  Figure  4.6. 

The  point  of  equilibrium  indicates  that  the  firm  will 

maximize  profits  by  selling  40  X^  and  25  X2  units.  Since  the 
production  functions  for  both  products  are  identical,  and 

since  the  since  these  functions  have  been  assumed  to  be  lin- 

14  ... 

early  homogeneous,  the  two-product  isoquant  in  Figure  4.6 

is  identical  to  the  single-product  isoquant  depicting  65  units 
of  either  product.  The  input  distortion  of  K for  L is 
measured  as  the  slope  and  distance  between  the  isoquant's 

14 

If  the  production  functions  were  not  assumed  to  be 
linearly  homogeneous,  it  would  be  necessary  to  assume  that 
both  products  are  manufactured  together  as  one  product.  Pro- 
duct differentiation  would  be  accomplished  in  some  costless 
manner  (i.e.,  color  or  advertising  differences).  This  as- 
sumption would  insure  that  both  products  would  be  affected 
by  the  same  economies  or  diseconomies  of  scale. 
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point  of  intersection  with  the  constraint  curve  (at  K ) 

max 

and  its  point  of  intersection  with  the  efficient  path. 

Input  Distortions  with  Different,  Fixed  Production 
Functions 

When  the  two  products  have  fixed  production  functions 
that  are  different  from  each  other,  no  input  distortions 
will  be  produced  (even  though  output  distortions  may  well 
be  present).  This  situation,  which  is  only  a little  more 
complicated  than  the  proceeding  case,  is  shown  in  Figure  4.7. 
As  before,  the  values  of  the  two-product  isoquant  curve  are 
derived  from  the  output  model.  Also  as  before,  the  equili- 
brium output  levels  at  K are  given  to  be  40  X,  and  25  X„ 

rnsx  j_  2. 

units.  Because  the  production  functions  are  linearly  homo- 
geneous, a simple  geometric  technique  can  be  used  to  locate 
the  equilibrium  positions  of  the  single-product  isoquants. 

A dotted  line  intersecting  K is  drawn  parallel  to  the  X„ 
expansion  path.  The  point  of  intersection  of  this  line  with 
the  X^  expansion  path  identifies  the  corner  of  the  X^  iso- 
quant having  a value  of  40  units.  The  isoquant  curve 
having  the  equilibrium  value  of  25  units  can  be  identified 
in  a similar  way.  Of  course,  when  the  K and  L values  for 
each  of  the  single-product  isoquants  are  aggregated  they  will 

equal  the  K and  L values  associated  with  K on  the  two- 

max 

product  isoquant  curve.  It  is  equally  obvious  that  the  input 
distortion  will  equal  zero,  since  the  two  expansion  paths 
are  also  the  efficiency  paths. 
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FIGURE  4.7 

EQUILIBRIUM  WHEN  PRODUCTION  FUNCTIONS 
ARE  FIXED  AND  DIFFERENT 
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Input  Distortions  with  Different,  Variable 
Production  Functions 

The  input-distortion  model  is  greatly  complicated  when 
the  separate  production  functions  are  both  assumed  to  be 
variable.  In  Figure  4.8,  the  two-product  isoquant  is  derived 
from  the  two  variable  single-product  isoquants.  When  factor 
price  lines  having  identical  slopes  are  drawn  tangent  to  the 
three  isoquants  shown,  the  aggregate  K and  L values  for  the 
two  points  of  tangency  on  the  single-product  isoquants  will 
equal  the  K and  L values  associated  with  the  point  of  tangency 
on  the  two-product  isoquant  curve.  The  slope  of  the  line 
drawn  tangent  to  the  aggregate  isoquant  at  is  the  (nega- 

tive) ratio  of  the  firm's  effective  cost  of  K to  the  market 
cost  of  L.  Of  course,  the  efficient  point  of  operation  on 
the  aggregate  isoquant  curve  is  designated  by  the  curve's 
tangency  with  an  isocost  line  that  compares  market  costs  for 
both  factors.  The  two-product  isoquant  segment  between  the 
efficient  point  and  K measures  the  input  distortion  of  K 
for  L.  Note  that  the  equilibrium  output  levels  of  and  X2 
are  here  only  assumed  to  be  40  units  and  25  units,  respectively. 
Unlike  the  previous  two  input  models,  this  model  is  not  suf- 
ficiently detailed  to  yield  a determinate  equilibrium  solu- 
tion--even  when  it  is  related  back  to  the  output-distortion 
model.  The  problem  is  one  of  interdependency.  The  output 
model  is  said  to  determine  output  combinations  in  the  input 
model.  Nevertheless,  the  selection  of  output  combinations 
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FIGURE  4.8 

EQUILIBRIUM  WHEN  PRODUCTION  FUNCTIONS 
ARE  VARIABLE  AND  DIFFERENT 
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also  affects  the  relative  capital  intensities  of  each  pro- 
duct in  the  input  model.  This  change  simultaneously  reposi- 
tions the  MA  curves  in  the  output  model,  which  in  turn  dis- 
turbs the  original  output  combination.  This  theoretical 
framework  can  be  made  determinate,  however,  when  the  model 
is  extended  appropriately.  It  is  to  this  end  that  the  re- 
maining part  of  this  chapter  is  devoted. 


Multi-Product  Model  of  Input  and  Output  Distortions, 

Given  Variable  Production  Functions 

Optimal  Combination  of  Input  and  Output  Distortions 

Figure  4.9  shows  how  the  constrained,  two-product  firm 
will  employ  input  and  output  distortions  in  combination  to 
maximize  allowable  profits,  which  requires  that  the  K po- 
sition  be  moved  as  far  right  as  possible.  The  unconstrained 
monopoly  which  does  not  use  price  discrimination  will  operate 
at  point  M.  When  the  firm  is  regulated  and,  at  the  same 
time,  permitted  to  use  just  enough  price  discrimination  to 
equate  MP  and  MC,  the  profit  hill  (not  shown)  will  expand 
and  constraint  curve  CC  will  be  established.^^  The  uncon- 
strained profit-maximizing  point,  given  this  same  degree  of 


15 

Presumably,  the  unregulated  firm  will  not  price-dis- 
criminate for  fear  of  violating  section  2(a)  of  the  Robinson- 
Patman  Act.  The  regulated  firm,  on  the  other  hand,  may  use 
a high  degree  of  price  discrimination,  since  this  does  not 
violate  the  simple  rate-of-return  constraint  and  since  the 
FTC  may  not  be  so  likely  to  interfere  with  the  regulatory 
agency. 
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FIGURE  4.9 

COMBINED  EFFECT  OF  INPUT  AND  OUTPUT  DISTORTIONS 
ON  THE  CONSTRAINED  EQUILIBRIUM  POSITION 


145 


price  discrimination,  is  it  . The  socially  optimum  levels 

of  output  would  be  produced  if  the  firm  chose  to  operate  at 

position  a,  the  point  of  intersection  of  the  efficient  path 

with  curve  CC.  Outputs  would  be  optimal  at  that  point  be- 

X 6 

cause  MP  equals  MC  in  each  of  the  two  markets. 

Effect  of  distortions  used  separately 

Input  distortion  only. --By  distorting  factor  combination 

alone,  the  firm  can  increase  allowable  profits  and  move  to 

^max  position  b,  the  point  of  intersection  of  the  two- 

product  isoquant  and  curve  CC . This  solution  is  an  extended 

17 

version  of  Za3ac's  graphical  model,  since  the  isoquant  is 

multi-product  and  has  been  enlarged  beyond  Zajac's  constraint 

curve  through  the  use  of  second-  or  third-degree  price  dis- 
X 8 

crimination.  However,  if  the  firm  were  going  to  make  a 
choice  between  using  input  or  output  distortions,  it  would 
certainly  favor  output  distortions  in  this  situation. 

Output  distortion  only. --By  employing  below-MC  pricing 


^^Output  in  each  market  would  be  analogous  to  output 
q^^  in  Figure  3.4  or  point  c in  Figure  3.5(a). 

17 

Zajac's  basic  model  was  earlier  introduced  as  Figure 

2.2 (b) . 

X 8 

Because  Zajac's  model  includes  neither  price  discrim- 
ination nor  government  subsidization,  the  decreasing-cost 
firm  will  not  produce  (in  the  long  run)  beyond  the  level  of 
output  at  which  P equals  AC.  In  contrast,  the  firm  that  is 
restrained  by  curve  CC  in  Figure  4.9  can  choose  to  operate 
at  the  socially  efficient  levels  of  output  where  MP  equals 
MC . Of  course,  the  constrained  profit-maximizer  would  not 
make  such  a choice. 
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instead  of  the  AJ  or  Westfield  effects,  the  firm  can  move 
outward  along  the  efficient  path  and  away  from  efficient  point 
a on  curve  CC.  In  the  same  way  that  the  use  of  third-degree 
price  discrimination  expanded  Zajac's  constraint  curve  (not 
shown)  outward  to  position  CC,  the  use  of  first-degree  price 
discrimination  within  the  two  markets  will  expand  curve  CC 
outward  to  position  CC ' . The  firm's  new  point  of  operation 
is  position  c,  located  at  the  intersection  of  curve  CC ' and 
the  efficient  path.  Again,  output  of  each  product  at  point 
c is  determined  by  the  EMR  line  in  a two-market  output  model 
(as  was  explained  in  Figure  4.3).  It  can  be  observed  in 
Figure  4.9  that  the  efficient  point  c on  curve  CC  uses 
about  twice  as  much  capital  as  the  efficient  position  a on 
curve  CC.  This  means  that  the  firm  has  approximately  doubled 
its  total  profits  by  using  below-MC  pricing,  since  its  rate 
of  return  is  the  same  on  curve  CC ' as  it  was  on  CC. 

Effect  of  distortions  used  collectively 

Even  though  profits  have  been  almost  doubled  by  use  of 

the  output  distortion  alone,  they  can  increase  still  further 

if  the  firm  elects  to  distort  factor  combinations  also.  Such 

an  action  would  relocate  the  firm's  operating  position  from 

19 

c to  at  point  d.  Even  at  this  new  position,  however, 

IUO.X 

profits  have  not  yet  been  maximized.  Although  the  firm  is 
19 

The  product  output  levels  at  point  d,  like  those  for 
efficient  point  c,  are  determined  in  a manner  illustrated 
earlier  in  Figure  4.3. 
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now  using  both  input  and  output  distortions,  it  is  employing 
only  one  of  the  two  types  of  output  distortions  available. 

In  addition  to  distorting  the  marginal  rates  of  substitution 
of  and  for  unregulated  product  Y (a  Type  1 output  dis- 
tortion) , the  firm  can  also  distort  the  marginal  rates  of 
substitution  of  X^  for  (a  Type  2 output  distortion) . 

This  second  type  of  output  distortion  becomes  increasingly 
attractive  to  the  firm  as  the  capital  intensities  of  the  two 
regulated  products  become  ever  more  divergent.  In  other 
words,  the  more  capital-intensive  X^  will  be  promoted  over  the 
less  capital-intensive  X^  by  means  of  relative  price  changes. 

As  the  firm  encourages  consumers  to  substitute  X2  for 
Xj^,  constraint  curve  CC ' swings  downward  to  the  right.  If 
the  size  and  shape  of  the  profit  hill  were  not  altered  by 
this  relocation,  the  movement  of  efficient  point  c (assuming 
that  CC ' is  simply  swung  about  the  point  of  origin)  would 
trace  out  the  dashed  arc  shown  in  Figure  4.8.  Of  course, 
the  profit  hill  will  actually  shrinJc  as  one  product  is  promoted 
at  the  expense  of  the  other,  because  the  firm  is  no  longer 
efficiently  equating  the  MRP  of  capital  in  both  markets. 

This  means  that  constraint  curve  CC ' will  contract  whether 
it  is  moved  right  toward  position  CC"  or  left  toward  posi- 
tion CC  ' ' . Consequently,  as  the  constraint  curve  is  moved 
about  the  point  of  origin,  a locus  of  efficient  points  will 

20  ... 

For  simplicity,  the  model  excludes  the  possibility  of 
factor  reversal  in  the  production  of  X,  and  X2 . The  feasi- 
bility of  factor  reversal  was  suggested  to  me  by  David  Kaser- 
man . 
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be  traced  out  which  is  everywhere  inside  the  arc  except  for 
its  point  of  tangency  with  the  arc  at  position  c.  Note 
that  the  locus  is  efficient  only  with  regard  to  factor  com- 
binations--not  output  combinations — since  first-degree  price 
discrimination  is  employed  everywhere  along  the  locus. 

The  firm  finally  reaches  the  point  of  profit-maximiza- 
tion at  position  e when  the  constraint  curve  is  moved  to 
position  CC" . This  determinate  equilibrium  point  is  reached 
by  the  firm  through  a trial  and  error  process  that  is  illus- 
trated in  Figure  4.10.  The  movement  of  the  constraint  curve 
about  the  point  of  origin  traces  out  a locus  of  K points. 
As  the  constraint  curve  moves  rightward  from  position  CC ' to 
CC" , the  capital  stock  increases  continually.  When 
reaches  its  global  maximum  at  K*  , however,  the  rightward 
swing  of  the  constraint  curve  is  exactly  offset  by  its  left- 
ward contraction.  At  K*  , then,  the  locus  of  K points 
attains  the  highest  level  of  capital  stock  that  the  profit- 
maximizing  firm  desires.  Further  use  of  the  Type  2 output 
distortion  would  only  cause  the  locus  to  bend  back  toward 
the  point  of  origin.  The  equilibrium  levels  of  output  are 
specified  by  the  two-product  isoquant  intersecting  • 

This  isoquant  relates  back  to  the  single-product  isoquants 
for  40  and  25  in  the  manner  that  was  described  in 
Figure  4.8. 

Relationship  Among  Input  and  Output  Distortions 


Returning  to  Figure  4.9,  it  can  be  observed  that  the 
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FIGURE  4.10 

DETERMINATE  EQUILIBRIUM  SOLUTION  FOR  THE  CONSTRAINED 
FIRM  USING  BOTH  OUTPUT  AND  INPUT  DISTORTIONS 
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input  and  output  distortions  are  all  positively  related  to 
the  severity  of  the  constraint.  When  the  rate-of-return 
ceiling  is  so  high  that  it  is  ineffective,  the  firm  operates 
at  point  M (assuming  that  price  discrimination  is  success- 
fully eliminated  by  the  Federal  Trade  Commission)  and  no 
distortions  are  present.  When  the  constraint  becomes  re- 
strictive, the  constraint  curve  appears,  expanding  contin- 
ually outward  toward  the  base  of  the  profit  hill  as  the  al- 
lowed rate  of  return  (f)  approaches  the  market  cost  of  fi- 
nancial capital  (i) . As  the  constraint  plane  is  lowered, 
then,  all  three  distortions  are  aggravated  simultaneously. 

On  the  other  hand,  an  inverse  relationship  exists  among 
the  three  distortion  types  at  any  given  level  of  restraint 
(assuming,  again,  that  f exceeds  i but  is  less  than  the 
unrestrained  rate  of  return) . The  effective  constraint  en- 
courages use  of  the  distortions  since,  on  the  one  hand,  it 
creates  a capital  premium  and,  on  the  other  hand,  it  creates 
a pool  of  excess  earnings  (a  portion  of  which  can  be  used 
to  finance  the  profit-enhancing  distortions) . The  more  of 
these  excess  funds  that  is  used  to  finance  one  distortion 
type,  the  less  that  is  available  for  the  remaining  two.  This 
trade-off  is  quite  evident  in  Figure  4.9.  For  example,  the 
firm's  movement  from  point  c to  d required  that  the  Type  1 
output  distortion  be  partially  offset  by  the  input  ineffi- 
ciency. Consequently,  output  was  reduced  from  its  higher 
level  at  point  c to  a lower  level  at  point  d as  the  input 
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distortion  was  introduced.  Likewise,  when  the  firm  moved 

from  point  d to  e , it  partially  replaced  its  use  of  the  first 

two  distortions  with  the  Type  2 output  distortion.  Total 

sales  are  less  at  point  e than  they  are  at  d.  Moreover, 

the  input  distortion  is  also  smaller,  since  the  isoquant 

segment  intersecting  point  e and  the  distorted  efficient  path 

is  shorter  than  the  isoquant  segment  intersecting  point  d and 

2 1 

the  efficient  path. 

From  this  analysis  of  the  trade-off  comes  a very  impor- 
tant conclusion:  in  a regulated  firm  selling  products  that 

differ  greatly  in  capital  intensity,  the  AJ  and  Westfield 
effects  may  be  almost  entirely  replaced  by  the  Type  2 output 
distortion.  This  result  may  partially  explain  why  attempts 

to  empirically  measure  the  input  distortion  have  been  less 

22 

than  successful.  Of  course,  the  data  problems  inherent  in 


21 

Note  that  isoquant  Q and  the  isoquants  shown  inter- 
secting points  b and  d in  Figure  4,9  are  all  part  of  the  same 
two-product  isoquant  map.  However,  the  two-product  isoquant 
shown  intersecting  point  e is  part  of  a different  isoquant 
map.  It  is  one  in  a series  of  more-steeply  drawn  isoquants, 
since  it  has  a larger  component  of  X2  output  (which  is  shown 
to  have  a steeper  single-product  isoquant  than  X2  in  Figure 
4.10),  Similarly,  the  isoquant  shown  intersecting  CC  ' ' has 
a relatively  shallow  slope,  since  its  X2  component  is  rela- 
tively smaller, 

22 

For  example,  in  Johnson's  [pp.  92-94]  reassessment  of 
the  AJ  effect,  he  cites  three  "bits"  of  empirical  evidence 
that  the  effect  is  real.  These  bits  can  only  be  described 
as  meager. 

With  regard  to  the  Westfield  effect,  Emery  [pp.  329-36] 
has  concluded  that  even  though  the  empirical  evidence  is 
mixed  it  does  not  permit  the  acceptance  of  Westfield's  hy- 
pothesis. Similar  beliefs  are  expressed  by  Bailey  [pp.  192- 
95],  Corey  [pp.  358-73]  and  Kendrick  [pp.  136-67]. 

One  of  the  three  examples  of  the  AJ  effect  offered  by 
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such  studies  are  well  known.  The  point  to  be  recognized 
here,  however,  (and  the  point  to  be  stressed)  is  that  the 
AJ  effect  is  not  simply  less  important  empirically  than 
is  commonly  believed — but  it  is  also  less  important  theoret- 
ically, since  the  firm  need  not  rely  on  this  distortion 
alone . 

Alternative  Managerial  Preference  Functions 

The  managers  of  the  restrained  firm  may  select  some  ob- 
jective other  than  profit-maximization.  Given  different  maxi- 
mands,  the  firm's  equilibrium  point  for  each  can  be  identi- 
fied in  Figure  4.9.  The  unregulated,  profit-maximizing  monop- 
olist which  is  not  permitted  to  price  discriminate  will 
operate  at  point  M.  If  it  were  allowed  to  use  first-degree 
price  discrimination,  the  firm  would  locate  at  it  ' . The 

employment  of  third-degree  price  discrimination,  on  the  other 
hand,  would  place  it  between  points  M and  tt  ' on  the  effi- 
cient  path.  These  positions  are  also  the  alternative  equilib- 
rium points  of  operation  (depending  upon  the  degree  of  price 


Johnson  [p.  94]  uses  the  interesting  argument  that  AT&T  may 
favor  cable  use  over  satellite  use  because  its  partial  owner- 
ship of  a cable  will  enlarge  its  rate  base.  An  opposing 
argument  could  be  made  that  telecommunications  by  cable  is 
a different  product  from  telecommunications  by  satellite.  The 
former  service  may  be  distinguished  by  its  greater  reliability 
and  resistance  to  interception  by  eavesdroppers.  Johnson's 
example,  then,  may  better  support  the  existence  of  the  Type 
2 output  distortion  than  that  of  the  input  distortion.  In 
any  event,  it  shows  that  these  two  concepts  (like  other  clas- 
sificatory  devices)  are  separated  by  a grey  area  instead  of 
a black  line. 
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discrimination)  for  Williamson's  expense-preference  firm. 
Operation  at  the  profit-maximizing  levels  of  output  ensures 
maximization  of  funds  to  be  used  for  fringe-benefits  and 
other  preferred  expenses. 

The  rate-of -return  maximizer-cost  minimizer  who  elects 

to  produce  the  socially  optimum  levels  of  output  will  operate 

at  point  a.  Alternatively,  the  Kaf oglis-type  manager  (whose 

primary  and  secondary  goals  are  rate-of-return-  and  output- 

maximization,  respectively)  will  operate  at  the  point  of 

tangency  of  isoquant  Q with  curve  CC ' . Finally,  the  simple 

output  maximizer  (who  intends  to  survive  the  long  run)  will 

reach  equilibrium  at  the  point  of  intersection  of  the 

efficient  path  with  the  base  of  the  profit  hill  (i.e.,  that 

profit  hill  which  is  circumscribed  by  curve  CC  on  the  con- 

23 

straint  plane) . 


2 3 

In  addition,  the  equilibrium  position  of  Baumol ' s 
revenue-maximizer  could  be  identified  if  a total  revenue 
hill  were  constructed  in  place  of  the  profit  hill. 


CHAPTER  5 


CONCLUSION 

It  will  now  be  appropriate  to  assess  the  success  with 
which  the  three  objectives  (specified  at  the  outset  of  this 
work)  were  accomplished.  The  first  goal  was  to  show  that 
output  distortions  are  at  least  as  important  theoretically 
as  input  distortions.  Since  two  types  of  output  distortions 
have  been  identified,  and  since  each  is  as  potentially  val- 
uable to  the  firm  as  the  input  distortion,  it  might  be  argued 
that  the  output  distortions  together  pose  a more  serious 
threat  to  social  welfare  than  does  the  input  inefficiency 
alone.  As  appealing  as  this  argument  might  seem,  the  rela- 
tive values  of  the  three  distortions  will  have  to  be  decided 
empirically,  not  theoretically. 

It  can  be  said  here,  however,  that  the  input  distortion 
becomes  increasingly  influential  (relative  to  the  size  of 
the  firm)  with  increases  in  the  firm’ s elasticity  of  factor 
substitution.  On  the  other  hand,  the  importance  of  the  Type 
2 output  distortion  is  determined  by  the  amount  of  divergence 
between  the  K/L  ratios  of  the  firm's  products.  Consequently, 
the  greater  the  divergence  in  capital  intensities  the  more 
potent  is  the  Type  2 distortion  relative  to  the  input  distor- 
tion . 
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To  cite  an  example,  the  Type  2 output  distortion  may 
be  found  to  significantly  reduce  the  amount  of  labor-inten- 
sive services  (relative  to  capital-intensive  services)  of- 
fered by  the  telephone  industry.  The  price  of  a person-to- 
person  call  (relative  to  the  price  of  a direct-dial  call) 
might  be  substantially  higher  due  to  the  presence  of  this 
distortion  type.  Similarly,  the  electric  utility  industry 
may  favor  the  more  capital-intensive  industrial  sales  over 
residential  sales,  since  the  latter  may  have  a higher  component 
of  (relatively  labor-intensive)  customer  service  charges. 

If,  on  the  other  hand,  the  difference  in  capital-intensi- 
ties between  residential  and  industrial  services  is  small, 
the  Type  2 output  distortion  will  be  overshadowed  by  the  input 
inefficiency. 

The  theory  also  makes  it  clear  that  the  effectiveness 
of  the  Type  1 output  distortion  is  positively  related  to  the 
price  cross-elasticity  of  demand  between  the  regulated  prod- 
ucts of  the  firm  and  the  unregulated  substitutes.  Below- 
MC  pricing  by  the  electric  utility  industry,  for  example, 
could  enable  it  to  compete  unfairly  with  the  unregulated  coal 
industry.  An  output  distortion  that  favors  the  industrial 
customers,  whose  price  cross-elasticity  of  demand  between 
electricity  and  coal  is  relatively  high,  could  be  subsidized 
by  the  residential  and  commercial  customers,  whose  cross- 
elasticity of  demand  is  relatively  low. 

The  three-part  classification  of  distortions  as  input. 
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Type  1 output,  and  Type  2 output  is  descriptive  of  the  in- 
fluence that  they  have  on  the  productive  or  allocative  process. 
On  the  other  hand,  a four-part  classification  was  also  used, 
which  subdividies  the  distortions  into  the  AJ,  Westfield, 

KW,  and  quasi-Westfield  categories.  This  classification  is 
suggestive  of  the  causes  of  the  inefficiencies.  The  AJ  and 
Westfield  effects,  for  example,  occur  because  a capital  pre- 
mium is  created  by  the  constraint.  The  KW  and  quasi-West- 
field effects,  on  the  other  hand,  result  from  consumer  cross- 
subsidization, which  in  turn  is  encouraged  by  the  presence  of 
the  capital  premium.  The  input  distortions,  then,  are  direct 
responses  to  the  constraint  while  the  output  distortions  are 
indirect  (i.e.,  increasing  capital  stock  through  output  ex- 
pansion) . It  was  this  four-part  classification  that  satis- 
fied the  second  objective:  to  demonstrate  that  input  and 

output  distortions  are  analogous  to  one  another.  Accor- 
dingly, the  AJ  and  Westfield  effects  were  shown  to  be  analogous 
to  the  KW  and  quasi-Westfield  effects,  respectively. 

The  recognition  of  this  symmetrical  relationship  led, 
in  turn,  to  the  construction  of  a determinate  model  explaining 
the  manner  in  which  distortions  can  be  optimally  combined 
to  achieve  constrained  profit-maximization.  Such  a model 
was  the  third  objective  of  this  work.  An  examination  of  the 
relationship  between  input  and  output  distortions  has  long 
been  needed,  since  the  rational  firm  will  not  employ  each 
independently  of  the  other.  Instead,  the  distortions  are 
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used  together  in  constellation,  enabling  profits  to  be  in- 
creased beyond  the  local  maximum,  to  a global  maximum, 

K* 

max 

It  has  been  shown  elsewhere  that  a tightening  of  the 
rate-of-return  constraint  will  lead  to  greater  input  dis- 
tortions. It  has  been  argued  here,  along  with  the  introduc- 
tion of  an  analogous  relationship,  that  the  output  distor- 
tions will  be  similarly  exacerbated.  Restriction  of  the  con- 
straint (as  long  as  the  ceiling  rate  of  return  exceeds  the 
market  cost  of  capital)  produces  a pool  of  excess  earnings, 
a portion  of  which  can  be  used  to  subsidize  socially  un- 
desirable additions  to  capital  stock.  The  greater  the  amount 
used  to  finance  the  input  distortion,  the  lesser  the  amount 
available  for  output  distortions.  Likewise,  the  greater  the 
revenue  loss  due  to  a Type  1 output  distortion,  the  smaller 
is  the  revenue  loss  that  can  be  tolerated  from  a Type  2 out- 
put distortion.  A trade-off  exists,  then,  among  the  three 
distortions . 

Recognition  of  this  trade-off  is  essential  if  the  simple 
rate-of-return  constraint  is  to  be  amended  in  some  form  to 
promote  social  efficiency.  The  emphasis  that  has  been  placed 
on  input  inefficiency  in  the  literature  may  have  led  regula- 
tors to  become  preoccupied  with  that  distortion  type.  If 
an  amendment  is  too  narrowly  designed,  discouraging  the  firm's 
use  of  the  AJ  effect  only,  the  resulting  gain  in  input  ef- 
ficiency may  be  almost  wholly  offset  by  the  simultaneous 
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frustration  of  the  KW  or  quasi-Westfield  effects,  which  would 
aggravate  the  Type  1 and  Type  2 output  distortions.  In  this 
way,  a restraint  which  effectively  counters  the  input  distor- 
tion can  produce  the  strange  result  of  making  a reality 
out  of  the  theoretical  concept  of  negative  marginal  pricing. 
Lest  this  conclusion  seem  far-fetched,  it  should  be  recalled 
that  negative  marginal  prices  are  rejected  (by  firms  which 
could  profitably  use  them)  only  because  the  input  distortion 
is  more  profitable  yet.  If  the  latter  option  alone  were 
voided,  the  quasi-Westfield  effect  could  become  a frequently 
employed  instrument  for  achieving  constrained  profit-maximi- 
zation . 

It  seems  unreasonable  to  suppose  that  all  of  the  distor- 
tions can  be  simultaneously  eradicated  unless  the  regulatory 
agency  has  such  complete  cost  and  revenue  information  and 
such  extensive  authority  that  it  can  accurately  specify  the 
desired  rate  structure  and  output  levels.  However,  such 
a situation  should  not  be  mistaken  for  improved  government 
regulation.  It  is,  instead,  complete  government  control, 
which  has  attendant  inefficiencies  of  its  own.  The  increased 
recognition  of  output  distortions,  then,  does  not  necessarily 
call  for  increased  use  of  regulation.  On  the  contrary, 
since  regulation  may  be  far  more  costly  than  the  recognition 
of  input  distortions  alone  would  imply,  economists  should 
place  less  emphasis  on  regulating  market  performance  and 
more  on  changing  market  structure  into  a more  competitive 
environment.  Following  this  change  in  priorities,  if 


regulation  of  a particular  industry  is  still  considered  de- 
sirable, then  greater  attention  should  be  paid  to  rate 
structures  to  ensure  that  output  inefficiencies  receive  at 
least  as  much  attention  as  the  input  distortions  with  which 


they  are  combined. 
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